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ABSTRACT
Hallux rigidus is a common cause of foot pain involving
the hallux; however, the etiology is yet to be elucidated.
There are many different treatments that have been
described, including cheilectomy. Taking too much bone
can cause joint instability and altered joint mechanics,
whereas taking too little bone may not relieve pain. We
present a reliable, safe, and reproducible technique for
cheilectomy in the hallux rigidus.
Keywords: Hallux Rigidus, Cheilectomy, Technique,
Excision

INTRODUCTION
Hallus rigidus (HR) is a condition that involves arthrosis
of the first metatarsophalangeal joint (MTPJ). The
exact cause of this condition remains unclear; however,
studies suggest HR is caused by anatomic variations
such as contracted medial plantar fascia contracture,
first metatarsal head shape, metatarsus adductus,
hallux valgus, inflammatory arthropathy, and repetitive
trauma.1,2 Some studies have hypothesized trauma as
the primary mechanism, while others have found no
relationship between HR and trauma, elevated first
ray, Achilles tendon tightness, or shoe wear.3,4 HR is
relatively common and has been reported in 2.5% of all
people,5 has a higher incidence in women than in men,
and most commonly presents in the fifth decade of life.
Approximately 79% of all people diagnosed with HR will
present with bilateral HR. Furthermore, nearly two-third
of affected patients will report a family history of HR.1,2
Patients with HR will present with pain of the first
MTPJ. Radiographs vary but often present with a large
dorsal osteophyte and degenerative arthritis of the
joint (Figure 1). Patients will likely have concerns of
pain that is most noticeable at the extremes of motion
especially during toe-off. The first MTPJ may be swollen
with redness compared to the contralateral side. As the
disease progresses, patients may have concerns of pain
with certain shoe types, especially on the dorsal aspect
of the foot. If an osteophyte become large enough, a
patient may have concerns of numbness on the medial

Figure 1. Preoperative x-ray of foot with dorsal
osteophyte and first metatarsophalangeal space
narrowing.
border of the great toe owing to compression of the
dorsomedial cutaneous nerve.6
Before any surgical management, patients should
undergo extensive nonsurgical treatment, including
NSAID (nonsteroidal anti-inflammatory drug) therapy,
activity modification, stiff-soled shoes to prevent
dorsiflexion, and orthotics with a Morton’s extension.
Surgical intervention is reserved for those who have
unsuccessful nonoperative treatment. Early in the
disease process, a cheilectomy may provide reliable
pain relief in patients who exhibit pain with direct
pressure on osteophytes or during the toe-off phase
of gait, with less successful outcomes as the disease
grade progresses.4 In patients who require significant
dorsiflexion, a cheilectomy with a dorsal closing
wedge osteotomy of the proximal phalanx is a surgical
option.7 Resection arthroplasty has been advocated
for patients with severe disease and who are low
demand and anticipate return to less vigorous activity.
Interpositional arthroplasty has shown varying success,
with noted increased range of motion and increased
functional outcomes scores.8 Surgeons have turned
to implant arthroplasty, including hemiarthroplasty,
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Figure 2. Preoperative photograph showing the
dorsal incision used for a cheilectomy.
total arthroplasty, silastic arthroplasty, and polyvinyl
alcohol hydrogel implants. The majority of these
types of implants have been studied in relatively
small numbers, with only short-to midterm follow-up
available.9-11 Further information is needed regarding
their longevity. Total arthroplasty and hemiarthroplasty
have been met with mixed results, but most studies
recommend arthrodesis.4 Having been found to have
unacceptable complication rates, silastic implants are
mostly historical. Arthrodesis is the gold standard
for the treatment of grade III and IV HR, and patients
routinely report high satisfaction and have no activity
restrictions.12,13
Cheilectomy is a procedure often involved in the
treatment of HR. It was originally described in 1959 by
DuVries.14 A case series by Mann15 includes the classical
description of the excision of the osseous rim that
interferes with the motion of the first MTPJ. It begins
with a dorsal midline incision over the first MTPJ. The
extensor hallucis longus (EHL) is then retracted either
medially or laterally, and is opened midline with a
sharp incision after exposure of the joint. Proliferative
synovial tissue, debris, and loose bodies are removed.
Using either osteotome or rongeur, the large dorsal
osteophyte on the head of the first metatarsal and
the occasional dorsal based spur on the first proximal
phalanx are removed. Any large medial or lateral
osteophytes are excised if present. The medial, lateral,
plantar capsular, and ligamentous restraints are then
released, followed by the resection of the degenerative
articular portions of the first metatarsal head. Range of
motion of the joint is then checked with a goal of 70° of
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Figure 3. The first metatarsal head is translated
dorsally until the first toe is in neutral dorsiflexion
and plantarflexion.
dorsiflexion. The capsule is then closed followed by the
skin.15 Since the publication of the original description,
additional authors have suggested the addition of
microfracture of the subchondral plate in areas of
articular cartilage degeneration.16
Technical mistakes can result in failure of the
procedure. Joint instability and altered joint mechanics
can result from over resection of the metatarsal head.
To avoid this complication, recommendations for
cheilectomy advocate resecting no more than 40%
of the metatarsal head. Other common complications
include failure to relieve pain, which is typically a result
of under resection of the metatarsal head and failure to
remove the symptomatic osteophytes.7 Mann’s original
description suggested resection of one-third of the
head.15 We present a reliable, safe, and reproducible
technique for cheilectomy in the hallux rigidus, which
seeks to set the appropriate resection level to avoid
these complications.

TECHNIQUE
A longitudinal incision is created just medial to the
EHL tendon (Figure 2). Dissection is deepened to
the MTPJ capsule, which is incised longitudinally and
elevated off of the dorsal aspect of the MTPJ. The
capsule is elevated dorsomedially and dorsolaterally.
After exposure of the MTPJ, the metatarsal head is
manually pushed dorsally until the great toe lies in
a neutral position of dorsiflexion and plantarflexion
(Figure 3). A sterile marking pen is used to mark the
junction of bone covered by the proximal phalanx and
the exposed dorsal bone (Figures 3 and 4). All bone is
removed dorsally with an osteotome. If the metatarsal

Figure 4. A sterile marking pin is used to mark the
junction of the phalanx and the metatarsal head. All
bone dorsally is removed with an osteotome.
head is not pushed up in this position, the great toe
is too extended and not enough bone is removed.
After removal of the dorsal osteophyte, the dorsomedial
and dorsolateral edges of the metatarsal head are then
rounded with a rongeur (Figure 5).

DISCUSSION
HR is classically described in grades as originally
proposed by Coughlin and Shurnas (Table 1).3 It has
been discussed that cheilectomy is ideal for patients
with grade I and grade II early HR, with many successful
outcomes in noted in a retrospective reviews. Easley
et al17 performed cheilectomy in 68 cases of HR
encompassing all grades of disease with 5-years
follow-up.17,18 Most patients had up to a 90% degree of
satisfaction; however, nine feet remained symptomatic.
There were eight feet found to be symptomatic at the
midrange of motion, which was then proposed as a
poor prognostic factor. The benefits of cheilectomy
include its safety and efficacy as well as its ability to
be amenable to revision surgery. Complications of
cheilectomy include infection, neuroma formation,
transient paresthesia of the hallux, and reflex
sympathetic dystrophy. Owing to the favorable results
seen in early HR (grade I and II), it currently has a grade
B recommendation by the Foot and Ankle Society.18 The
above technique is reliable, safe, and reproducible for
cheilectomy in hallux rigidus.

Figure 5. Intraoperative radiographs taken after the
dorsal bone is excised with an osteotome.

Table 1. Grading of HR as described by Coughlin and
Shurnas3
Grade

Exam Findings

Radiographs

0

Stiffness

Normal

1

Mild pain at extremes of motion

Mild dorsal osteophyte,
normal joint space

2

Moderate pain with range
of motion

Moderate dorsal
osteophyte, < 50% of joint
space narrowing

3

Significant stiffness, pain at
extremes of range of motion,
no pain at midrange

Severe dorsal osteophyte,
> 50% of joint space
narrowing

4

Significant stiffness, pain at
extremes of range of motion,
pain at midrange

Severe dorsal osteophyte,
> 50% of joint space
narrowing
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ABSTRACT
Different types of low-profile plates have been designed
for fixation of complex patellar fractures. Plate fixation
of patella fractures provides stable fixation and allows
earlier mobilization. This report describes three cases
of complex patellar fractures. The report includes a
detailed description and tips of the surgical technique.
Keywords: Patella, Fractures, Mesh plates

INTRODUCTION
Fractures of the patella account for about 1% of all
skeletal injuries.1 Tension-band wiring and cannulated
screws have been the most commonly used techniques
for the management of most patellar fractures.2
Although tension band wiring techniques allow for
dynamic compression at the fracture site, the rate of
failure and hardware removal in more complex fractures
can be unacceptably high.3-6 Comminuted fracture
patterns can be more challenging and often require
more complex surgical techniques.7
Lower profile mesh plates provide stable fixation and
less prominent hardware. This mode of fixation opened
a new horizon for the treatment of complex patellar
fractures.5,8-12 Several case series of patellar plating and
biomechanical studies have demonstrated equal or
superior fixation strength with plates as compared to
tension banding.9,12-17 This report describes case-based
technical tips and tricks to implement and achieve the
desired clinical outcomes for patellar mesh plating.
Institutional Review Board approval (#E20016) was
obtained to conduct this study.

CASE REPORT
Case 1
The patient was a 17-year-old man with a comminuted
right patellar fracture with multiple fragments
associated with contusion to the chondral surface.
The fracture was preliminary reduced using multiple
interfragmentary Kirschner wires (Figure 1A). The

Figure 1. A) Preoperative anteroposterior (AP) and
lateral radiographs of Case 1. B) Intraoperative lateral
fluoroscopic images showing provisional stabilization
with Kirschner wires. c) Lateral, skyline, and AP
radiographic views showing united fracture and knee
flexion at 7-months follow-up, respectively.

mesh plate was then contoured and applied to the
dorsal surface of the patella, and fixation of fracture
fragments was performed using multiple screws
through the mesh plate (Figure 1B). The patient was
compliant with postoperative protocol. The fracture
healed without complication. The patient achieved full
knee range of motion (ROM) without pain at 7-month
follow-up (Figure 1C).
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Figure 2. A) Preoperative anteroposterior and
skyline radiographs of Case 2. B) Intraoperative
lateral fluoroscopic images showing large
fragment fixation with Kirschner wires, and
compression of the fracture site with a
reduction clamp after application of the Mesh
plate. C) Anteroposterior and lateral images of
united anatomically reduced patellar fracture
at 6-months follow-up.
Case 2
The patient was a 46-year-old man with a complex
right patellar fracture and comminuted distal pole
(Figure 2A). Fracture reduction was performed using
interfragmentary Kirschner wires. Reduction clamping
was used to anatomically reduce the large fragment
and restore the articular surface (Figure 2B). The
patient was compliant with postoperative protocol.
Imaging showed fracture healing without complication
at 7-month follow-up. The patient had full ROM of the
knee without pain (Figure 2C).
Case 3
The patient was a 95-year-old man with a transverse
patellar fracture in his knee with osteoarthritis (Figure
3A). The decision was made to fix the fracture with
cannulated screws and suturing, as well as a mesh plate
due to the poor quality of the bone (Figure 3B). The
patient followed postoperative protocol; however, ROM
was limited due to the knee joint osteoarthritis. The
patient achieved bony union. At the last follow-up visit
at 18 months postoperatively, the patient showed no
complications (Figure 3C).
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Figure 3. A) Preoperative anteroposterior and
lateral radiographs of Case 3. B) Postoperative
lateral fluoroscopic images showing the initial
fixation with cannulated screws and combined
fixation using screws and mesh plate. C)
Anteroposterior and lateral images of the united
fracture at 12-months follow-up.

SURGICAL TECHNIQUE
The patient was positioned supine on the flattop table
(Figure 4A) and was anesthetized with endotracheal
intubation. A regional nerve block was used when
appropriate. The injured extremity was ramped with
bone foam for x-ray visualization, and the C-arm was
positioned on the opposite side (Figure 4B). A nonsterile tourniquet was applied around mid-thigh.
A longitudinal incision was made for fracture
exposure (Figure 5A), along with the traumatic rent of
the retinaculum. The fracture fragments were identified
and reduced with two-point large bone clamps. The
clamps were then used to compress the fracture into a
transverse fracture (Figures 5B and 5C), and multiple
Kirschner wires were used in comminuted fractures.
The fracture was then provisionally fixed using multiple
Kirschner wires, as seen in (Figure 6A), and the
measurement of the plate was obtained (Figure 6B).
The articular congruency was visualized and palpated
through the arthrotomy incision using fluoroscopy. The
wires were positioned away from the footprint of the
plate, and the temporary reduction was checked using

Figure 4. A) Patient was positioned supine on the flattop table. B) The C-arm position in relation to the surgical site.

Figure 5. Intraoperative photograph showing A) longitudinal incision used for fracture exposure, and B,C)
the fracture fragments identified and reduced with two-point large bone clamps.
fluoroscopy in two orthogonal views. A low profile 2.3
mm titanium mesh plate (Stryker, Mahwah, NJ) was cut
to fit, and then it was fixed to the anterior surface of the
patella using non-locking 2.3 mm screws (Figure 7A).
Further customization through contouring of the
plate onto the bone may be performed before placing
the screws. Fixation was continued using 2.3 mm selftapping mini screws. Each screw was pre-drilled, with
length measured using the depth gauge (Figure 7B).
Care was taken to space the screws according to the
fracture pattern and bone integrity. After placing a few
screws to gain provisional stability, levering down the
plate and further contouring were performed to bring
the plate down to the bone. A total of four to six points
of fixation were used in each fragment. Small bony
fragments needed fewer screws for fixation. Reduction,
length of screws, and positioning of the plate were
rechecked with fluoroscopy,
The articular surface was examined under direct
visualization by inverting the patella to ensure that

there were no penetrating screws. Alternatively,
fluoroscopy may be used to confirm the length of
the screws. The Kirschner wires were removed after
screw fixation. If the fracture pattern was markedly
comminuted, a cerclage using a non-absorbable
suture (Ethibond No. 5) and curved needle was passed
all around the patella and through the patellar and
quadriceps tendons, with care not to evert the patella.
A combined suture tension band and mesh plate
construct can be used in revision and nonunion cases.
The fracture stability was then tested intraoperatively
through a full range of flexion and extension.
Postoperative Follow-Up
Immediately after surgery, patients were mobilized
in a hinged knee brace locked in full extension and
instructed to bear weight as tolerated. The ROM was
conducted through three phases.
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Figure 6. A) Intraoperative photograph
showing temporary fixation of an AO/OTA
34-C3 patellar fracture using Kirschner
wires (fracture was highly comminuted).
B) Intraoperative photograph showing
patellar fracture fixed provisionally using
Kirschner wires, and measurement of the
patella to adjust the mesh plate (fracture
was highly comminuted).
Phase 1 (Weeks 2-6): Postoperative hinged knee
brace in full extension locked during weight bearing.
Knee brace unlocked only for ROM exercises. Begin
active ROM in a prone position, active assist ROM as
tolerated, quadriceps muscle strengthening in brace
immediately.
Phase 2 (Weeks 6-10): Hinged knee brace unlocked,
and the patient is weaned from the brace. Scar massage,
passive ROM, and increased strengthening exercises
were performed.
Phase 3 (Week 10): Begin aggressive ROM exercises,
strengthening gradual return to higher-level activity
once quadriceps muscle strength returns, with typically
no restrictions starting week 12. Evaluate for osseous
union and functional outcomes with routine physical and
radiographic examinations until full fracture healing.

DISCUSSION
Mesh plate fixation of patellar fractures has shown
excellent rates of union with fewer revision operations
in complex patellar fractures (Table 1). 8,13-15,17 A single
prospective cohort study by Lorich et al9 compared a
mesh cage plate versus tension band wiring, and they
found superior functional outcomes and considerably
decreased anterior knee pain in the plate cohort.
Singer et al14 conducted a study that included nine
patients with closed displaced comminuted patella
fractures that were fixed using a mesh plate and 2
mm mini screws. The authors found that a low profile
mesh plate was an effective method of fixation in the
management of comminuted patella fractures with good
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Figure 7. A) Intraoperative photograph of trimming
of low profile 2.3 mm titanium mesh plate to adjust
to the size of the fractured patella. B) Intraoperative
photograph of definitive fixation of patellar fracture
using low profile 2.3 mm titanium mesh plate and nonlocking screws.
clinical outcome. The study added a new alternative
fixation method to treat the comminuted fractures.
Symptomatic implant is the most common
complication reported following patellar fracture
fixation. Hoshino et al3 conducted a retrospective
study that included 448 surgical patellar fractures
fixations. The authors reported symptomatic hardware
removal in 22.6% of the patients fixed by cannulated
screws and in 36.8% of patients treated by Kirschner
wires and cerclage. LeBrun et al5 echoed these same
findings and found that the removal of symptomatic
implant was required in 52% of the patients treated
with osteosynthesis. Singer et al14 reported no hardware
complications or removal of patellar fractures when
using low profile 1.5 mm mesh plates. Volgas and
Dreger17 reported irritation in several patients when
using 2.7 mm mesh plates. Additionally, five patients
needed hardware removal, which may be due to the
relatively larger plate size and profile.
Several published biomechanical studies have
compared the stability and strength of a mesh
plate construct to that of a tension band wiring
technique.16,18,19 These studies demonstrated either
equal or superior strength and stability achieved by
plate constructs. Karakasli et al19 compared fracture
displacement after cyclic loading in two groups of
cadaveric knees receiving either titanium plate or
tension band-writing fixation. Cadaveric knees treated
with plate fixation showed a considerable reduction
in fracture displacement, and the study concluded
that fixation with curved titanium plates provided
satisfactory stability under cyclical loading, similar
to the loading encountered during the postoperative
rehabilitation period.22 Additionally, Dickens et al18 found
that the augmented titanium mesh construct is equal
to tension-band wire augmentation concerning the
ultimate force required for failure.
A minor complication seen in tension band wiring is a
loss of knee ROM due to postoperative stiffness. In one

case series,20 up to 71% of patients treated with tension
band wiring and cast immobilization reported a lack of
full extension. The authors proposed that the stability
and rigidity of the mesh plate construct allowed earlier
weight bearing and ambulation, resulting in decreased
stiffness and improved recovery of ROM. Long-term
and larger cohort follow-up is not available; however,
it is needed to determine the actual efficacy of the
plating construct and thus a limitation to this technical
trick narrative.
In conclusion, mesh plates appear to be
advantageous in the treatment of complex and
comminuted fractures by providing stability and
allowing fixation of bone fragments with lower rates
of hardware removal. Larger comparative studies
with long-term follow-up are needed between mesh
plate and tension band fixation of patellar fractures to
demonstrate whether one is clinically superior to the
other. Additional studies comparing various types of
mesh plates would be useful in establishing their best
clinical uses.
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INTRODUCTION
Penetrating injuries of the hand and fingers are among
the most common reasons patients present to the
emergency department.1 Nearly one-third of the 11
million patient visits to emergency departments in
the United States involve the hand or wrist.2 In more
than 10% of these injuries, a retained foreign body
is discovered.3 Current literature recommending the
ideal method and setting to remove foreign bodies in
the hand is sparse and mixed. Some authors support
foreign body removal in the emergency department or
primary care setting.4 Despite the failure to diagnose
or treat retained foreign bodies being the fifth leading
cause for claims against emergency physicians,5 some
authors recommend identification and delayed or nontreatment.6
When treating patients with foreign bodies in the
palmar aspect of the hand, it is important to collaborate
with a hand specialist to avoid complications when
exploring adjacent to at-risk neurovascular structures.

fifth metacarpal (Figure 1A and 1B). Foreign body
removal utilizing a volar incision was attempted by
the emergency physician with concern of persistent
symptoms or additional injury given its location. A 2-cm
longitudinal incision was made along the ulnar aspect
of the hypothenar eminence, which was performed
under routine sterile conditions and while using a

A

CASE REPORT
An 18-year-old man presented to the emergency
department with right hand pain after sustaining
a penetrating wound to the hypothenar eminence
while cutting chicken wire. On physical examination,
the patient endorsed tenderness to palpation over
a puncture wound of the hypothenar eminence. He
showed full range of motion of the right hand and wrist,
and he had negative Froment’s sign. The patient was
able to abduct and adduct his fingers, and he had 5
of 5 strength to the abductor digiti minimi, interossei,
and adductor pollicis. He was neurovascularly intact
and no other injuries could be identified. Right hand
radiographs confirmed the presence of a foreign
body located at the volar aspect of the base of the
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Figure 1A. Foreign body at the volar aspect of base of
the fifth metacarpal.

B

Figure 2. Tension free primary repair of motor branch of
ulnar nerve reinforced with epineural interrupted simple
stitches then covered with nerve conduit.
metacarpal and removed. A tension free, epineural
primary repair of the motor branch of the ulnar nerve
was performed using a 9-0 non-absorbable suture,
and then it was reinforced with interrupted simple
sutures (Stryker, Michigan, USA) (Figure 2). A thorough
irrigation was performed, followed by skin closure.

DISCUSSION
Figure 1B. Foreign body at the volar aspect of base of
the fifth metacarpal.
median and ulnar nerve block. Removal was attempted
using fluoroscopic guidance and was unsuccessful.
Localization with fluoroscopic guidance suggested
that the foreign body was in a deep location not easily
accessible from the incision made. Attempted retrieval
was thus terminated.
At this point, the orthopaedic service was consulted
for assistance. Due to the nerve block, neurological
examination was unable to be performed at this time.
Given that the foreign body was still near important
neurovascular structures, the patient was indicated for
formal exploration. In the operating room, antibiotics
were administered; a time-out, prepping, and draping
were performed; the arm was exsanguinated; and
a tourniquet was insufflated. The previous incision
that was made by the emergency physician was
extended over Guyon’s canal. During exploration,
the motor branch of the ulnar nerve was found to
be sharply transected. The ulnar artery, branching
superficial palmar arterial arch, ring and small finger
flexor digitorum superficialis, and profundus tendons
were intact. A neurolysis of the ulnar nerve and its
motor branch was performed. Guyon’s canal was
decompressed by releasing both the superficial
palmar carpal ligament and the flexor retinaculum. The
foreign body was located against the base of the fifth

Penetrating injuries to the hand are common.6 The
appropriate treatment option and setting for these
injuries remain debatable. Complications have been
described, including pain, infection, inflammation,
neurovascular injury, and unplanned secondary
procedures.7 Indications for foreign body exploration
and removal include neurovascular injury, tendon
laceration, cosmetic deformity, functional impairment,
and chronic pain. Furthermore, contraindications
include inaccessibility, unacceptable risks to
neurovascular structures during the retrieval process,
minute size, inert material, and asymptomatic
presentation.2 Potini et al6 suggest that a trained hand
surgeon perform the safe removal of hand foreign
bodies that are accessible or as a part of an exploration
procedure to an injured structure.
It is pertinent to obtain an accurate history
and physical examination, including a thorough
neurovascular examination and wound assessment.8
To facilitate this assessment, it is important that all
penetrating wounds be inspected with proper lighting,
sedation, and local anesthesia.1 Plain radiography and
ultrasound can be used to help localize foreign bodies.
While plain radiographs identify only radiopaque
material (eg, metal, glass, and some plastics),
sonographs can be used to identify radiolucent foreign
bodies.4,9
Understanding the palmar anatomy of the hand,
specifically the anatomy of the hypothenar eminence, is
essential for safe foreign body retrieval. The main trunk
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of the ulnar nerve is adjacent to the flexor carpi ulnaris,
superficial to the fascia and skin at the level of the wrist,
putting it at risk for penetrating injuries or aberrant
explorations.10 The ulnar nerve and artery then enter
Guyon’s canal distally, a longitudinal space bordered
by the pisiform radially, the hook of the hamate ulnarly,
the superficial palmar carpal ligament volarly, and the
deeper flexor retinaculum and hypothenar muscles
dorsally. Within Guyon’s canal, the ulnar nerve divides
into the superficial and deep branches.11Between the
pisiform and the hook of the hamate, the deep branch
passes dorsal to the origin of the hypothenar muscles.
As the deep branch runs ulnar to the hook of the
hamate and radial to the pisiform, an injury localized to
this region could disrupt the branch to abductor digiti
minimi, resulting in isolated loss of abduction of the fifth
digit and an isolated abductor digit minimi palsy.
We recommend that removal of a foreign body from
the palmar aspect of the hand be performed by an
appropriately trained hand surgeon in the operating
theatre. Adequate anesthesia and meticulous hemostasis
12-15
An exception to
in an operating theatre is required.
this would be very superficial foreign bodies that are
readily visualized through the presenting wound, and do
not require imaging guidance or extension of the wound
for access. Nevertheless, given the potential difficulty of
foreign body removal in the palmar aspect of the hand,
as well as the risk to important anatomical structures,
hand service consultation is also recommended.
We report the case of iatrogenic transection of the
deep branch of the ulnar nerve during hypothenar
eminence wound exploration in the emergency
department. This case illustrates the challenges
of treating these difficult injuries. It should be the
primary role of the emergency physician to carefully
evaluate wounds for evidence of foreign bodies or
damage to deep structures such as nerves, tendons, or
arteries. Documenting and discussing these findings
with appropriate consultation can limit iatrogenic
injury and provide optimal patient outcomes. It is
our recommendation that foreign body removal from
the palmar aspect of the hand be performed by an
appropriately trained hand surgeon in the operating
theatre.
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ABSTRACT
Lateral knee injury is common among adolescent
athletes in both contact and non-contact sports.
Injuries in this population deserve special consideration
regarding diagnosis and treatment due to the presence
of open, closing, or recently closed physes. We describe
two cases of isolated proximal fibula fractures with knee
pain and laxity to varus stress in young athletes. Isolated
proximal fibula fractures can mimic lateral collateral
ligament injuries in the knee. Treatment for these
injuries is conservative with bracing, protected weight
bearing, and delayed or protected return to activity.
Keywords: Fibula, Fracture, Lateral Collateral Ligament

or locking of the knee, but stated that her knee “pops”
with motion.
Results of physical examination revealed pain with
axial loading, provocative flexion, and varus stress at 0°
and 30° knee flexion with grade 1 (< 5 mm) lateral knee
opening at 30°; maximal tenderness along the posterior
lateral joint line; mildly positive Lachman with a firm
endpoint, compared to the left side; exquisite focal
tenderness at the fibular head; and mild tenderness
along the LCL. Knee radiographs showed a well-aligned
Salter-Harris (SH) type II fracture of the proximal fibular
head with mild physeal widening (Figure 1).
The patient was placed in a hinged knee brace and
made partial weight bearing with crutch use. Owing

INTRODUCTION
Lateral knee pain in the pediatric population elicits a
rather short classical differential diagnosis list, including
lateral meniscus, lateral collateral ligament (LCL), and
iliotibial band injury.1 A thorough look at the patient’s
history, including mechanism and timing of the injury,
can often narrow the differential to a single diagnosis.
We describe two cases of isolated proximal fibular
head fractures in the pediatric population that involve
findings consistent with all three classical diagnoses,
including popping sensations with activity, pain with
varus stress, instability, and lateral joint line tenderness.
Although this injury is rare and not well-described in
the literature, it should be considered in young patients
with lateral knee pain with or without instability so that
appropriate treatment can be initiated.

CASE 1
A 14-year-old adolescent girl presented to our clinic
with a 1-day history of knee pain. She felt a pop in her
knee with subsequent swelling after accidently stepping
into a hole while playing soccer. She now feels pain with
activities and weight bearing. She denied any catching

Figure 1. Right knee radiograph of patient 1 at 4 weeks
post-injury. Arrow depicts Salter Harris II fracture of the
proximal fibula physis.
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Figure 2. Coronal and sagittal T2 magnetic resonance imaging of the right knee of patient 1 at 2 days post-injury.
Note the bony edema in the proximal fibular head.
to the patient’s mechanical symptoms and instability,
a magnetic resonance image (MRI) was recommended
to rule out lateral meniscal injury and to assess the
integrity of the anterior cruciate ligament. Although
x-rays showed a proximal fibula fracture, they were
unable to rule out a concomitant LCL injury. The patient
had a grade I laxity at 30° flexion, which is a finding
consistent with LCL injury. An MRI was thus necessary to
fully evaluate the integrity of the LCL and posterolateral
corner (PLC). MRI revealed no injury to the LCL or PLC
and edema in the proximal right fibular head consistent
with the SH type II fracture previously identified
(Figure 2).
At follow-up (4 weeks after initial injury), there was
resolution of tenderness at the posterior lateral knee,
fibular head, and at LCL. X-rays were grossly unchanged
since the initial visit. It was recommended that the
patient continue with activity modifications for 3 weeks.
The hinged knee brace was discontinued.
At 9 weeks after initial injury, the patient was fullweight bearing without pain or instability. Physical
examination was grossly negative with no focal
tenderness. Radiographs revealed new bone formation
in the right proximal fibular neck.

and at the anterior lateral aspect of the patella, and pain
with varus stressing. The knee was noted to have good
stability in all planes. All other examination maneuvers
were unremarkable. Knee radiographs showed a cortical
defect at the level of the physeal scar of the proximal
fibular, which was indicative of a proximal fibula fracture
versus an LCL avulsion fracture (Figure 3). Advanced
imaging was not obtained.
Treatment included use of a hinged knee brace
for all weight-bearing activity and the continuation

CASE 2
A 15-year-old adolescent boy presented 3 days after
injuring his right knee. He was tackled by another player
while playing football and felt immediate right lateral
knee pain. He had pain with weight bearing and knee
range of motion. He did not finish practice the day of
injury, but he did return to practice the next day with
discomfort.
Results of examination of the knee showed no
effusion or swelling. There was mild tenderness to the
posterior lateral knee, tenderness over the fibular head
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Figure 3. Right knee radiographs of patient 2 at 3 days
post-injury. Arrow depicts cortical defect at the level of
the physeal scar.

of activities as tolerated. Telephone follow-up was
obtained 10 years later. He recalls knee pain for 1 to
1.5 months after injury and made a full recovery. He
continued to play football for 4 more years and recalls
additional knee injuries. He denies any lingering or
daily knee pain, but endorses occasional painless
popping and clicking. He is able to fully participate in all
activities.

DISCUSSION
Isolated fractures of the proximal fibular head or physis
are quite rare, accounting for an estimated 0.09% of all
children’s fractures and 2.05% of all fibular fractures.2,3
One previous case of such injury involved a 15-year-old
female gymnast who sustained a fall from a balance
beam. In contrast to this case series, the patient had
no evidence of mediolateral instability.4 It has been
reported that proximal diaphyseal fracture of the fibula
can lead to lateral knee laxity in isolation or in the
setting of a stabilized associated tibia fracture.5
This case series of two patients uniquely describes
the variability of lateral knee instability secondary to
isolated fracture of the proximal fibula. At presentation,
the patients experienced pain with weight bearing,
mild swelling about the knee, and no obvious effusion.
In aggregate, physical examination findings included
maximal tenderness at the fibular head, pain and
instability with varus stressing, pain with provocative
flexion, and pain with axial loading. We hypothesize
that the varus instability and mild opening in case 1
represented gross motion at the fracture site rather
than injury to lateral knee structures. Initially, these
findings were concerning for isolated or associated LCL
injury, which should be among the initial differential
diagnosis in patients presenting with lateral knee pain
and mild varus opening on stress. However, LCL injuries
in young athletes are extremely rare and often involve
portions of the PLC or the anterior cruciate ligament.6,7
One case showed varus instability and both patients
had pain with varus stress, consistent with a grade I
or II LCL sprain. Although rare, isolated LCL injury can
present with focal tenderness over the fibular head if
the distal insertion avulses.8 In both cases, plain films or
MRI were able to identify the proximal fibular fracture.
Careful examination of the lateral structures of the
knee will aid in a more accurate diagnosis. The LCL
becomes isolated and maximally loaded at 30° of knee
flexion.9 Therefore, increased laxity to varus stress
at 30° of flexion implies injury to the LCL, whereas
increased laxity at full extension implies injury to the
cruciate ligaments.10 The dial test is useful in testing for
injury to the PLC and posterior cruciate ligament (PCL).
To perform, the patient is placed prone and the knees
flexed to 30° and 90°. External rotation of both knees
is tested at both degrees of flexion. Increased external
rotation of the injured extremity greater than 10°
with 30° of knee flexion compared to the non-injured
contralateral side implies injury to the PLC.9 Increased

external rotation at 90° of knee flexion implies injury
to the PCL. However, this manuscript shows that
proximal fibula fractures can lead to similar positive
examination maneuvers, and that imaging in the form
of plain radiographs and MRI is warranted for definitive
diagnosis.
The routine use of MRI in diagnosing SH fractures,
whether radiographically proven or occult, is not
currently recommended. MRI in the setting of a
suspected SH fracture with negative x-ray findings
yields a positive finding in about 0 to 34.8% of
patients.11-13 Furthermore, the authors do not believe
that MRI would change the course of management
in the setting of an x-ray positive isolated proximal
fibula fracture. An MRI should be considered in the
presence of associated mechanical symptoms; positive
physical examination findings indicating an associated
soft-tissue injury, including lateral opening and laxity
suggesting true LCL injury; or in the setting of negative
x-rays with knee instability.
All patients were treated with partial weight bearing
in a hinged knee brace with activity modification for the
first 1 to 2 weeks post-injury. Patients were tolerating
full weight bearing while in brace at 4 weeks postinjury. For the next 4 weeks, patients were full weight
bearing with either a hinged knee brace or laterally
stabilized brace, and they were instructed to continue
with activity modification. Activity modifications
included no competition play, no contact practice,
and no cutting or pivoting. At 8 weeks, patients had
radiographic evidence of fracture healing and no
focal tenderness over the proximal fibular head. Brace
wear was continued as needed with activities only.
This protocol closely mirrors conservative treatment
for isolated grade I and II LCL and medial collateral
ligament sprains, bracing for 6 to 8 weeks, graduated
weight-bearing status, early range of motion, and return
to full activities in 6 to 8 weeks with or without bracing
during activity.14,15
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ABSTRACT
Femoral diaphysis fractures represent a small subset
of sports-related orthopaedic trauma, accounting
for less than 1% of all sports fractures. We describe
a 22-year-old male ice hockey player who slid and
crashed into the boards during practice. Radiographs
revealed fracture of the femoral diaphysis, necessitating
surgical intervention to insert an intermedullary nail.
Rehabilitation was a hybrid of an anterior cruciate
ligament reconstruction and hip labrum repair protocols.
There was emphasis on rotator cuff strengthening and
lower-extremity rehabilitation owing to a pre-existing
shoulder dislocation that occurred during the same
season. He returned to skating at 16 weeks, and at 20
weeks he returned to full, unrestricted hockey activity.
Keywords: Femoral Fracture, Rehabilitation, Return to
Sport, Athletic Injuries, Sports Medicine

INTRODUCTION
Femur diaphysis fractures are uncommon occurrences
in sports. According to a general population study in
Edinburgh, Scotland, femur diaphysis fractures account
for 0.09% of all sports fractures in adults and children
(ie, 1 in 1169 fractures).1,2 The National Collegiate Athletic
Association (NCAA) collects injury data using Injury
Surveillance Program, but they do not report statistics
on injuries accounting for less than 1% of all injuries.
Given this limitation, there are no reported statistics
on diaphyseal femoral fractures in any sport, including
collegiate ice hockey. NCAA literature does describe
a category for “fracture, dislocation, and subluxation”
as 5.7% of practice injuries and 7.1% of game injuries,
in which 17 to 25% of these injuries require emergency
transport.3,4
A femur fracture in a professional ice hockey
athlete was previously described in the Journal of
Athletic Training5; however, no data were presented
for return to baseline performance. Although there is
previous description of the injury, it is important to

continue to investigate return-to-play and performance
interventions to better describe the recovery and
rehabilitation after emergent, traumatic injury.6

CASE REPORT
The patient is a 22-year-old male ice hockey athlete.
He reported occasional smokeless tobacco and alcohol
usage. The patient had no considerable history of
lower-extremity injury. Earlier that year, the patient
sustained a traumatic anterior shoulder dislocation that
was managed nonoperatively and braced for all on-ice
participation. He had planned on operative management
of the shoulder at the end of the season, but he has
since elected to forgo surgery based on a positive
nonoperative outcome. The patient was participating
in normal practice activity when he had lost an edge
when making a tight turn and violently crashed into
the boards. He remained down on the ice, and loudly
stated that he broke his leg. The athletic trainer
attended to the patient on the ice; his thigh was soft
to palpation, and he could not tolerate a log roll. The
emergency action plan was activated, and emergency
medical services responded promptly. The patient had
no decreased pedal pulses or loss of foot function or
sensation. There was no evidence of bleeding or concern
for open fracture. A vacuum splint was applied, and he
was transported to the emergency room. Radiographs
showed a displaced femoral diaphysis fracture (Figure
1). He underwent urgent closed reduction and internal
fixation with an anterograde intermedullary nail (Figures
2 and 3). The patient remained in the hospital overnight
before being discharged in the morning. He was given
crutches and allowed to weight bear immediately as
tolerated.
Three days after the initial injury, the patient began
rehabilitation that focused on soft-tissue massage of all
thigh and hip musculature; range of motion of the knee
and hip; and isometric progressing to concentric hip,
knee, and thigh strengthening.6 The patient progressed
during the first 8 weeks of rehabilitation, which
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Figure 1. X-ray of fracture showing extent
of injury.

Figure 2. Postoperative intermedullary nail
placement and fracture alignment showing
surgical procedure.

Figure 3. Proximal intermedullary nail fixation showing hardware positioning around
soft tissues.

Table 1. Rehabilitation Progression Weeks 0 - 8

142

Weeks 0 - 2

Weeks 2 - 4

Weeks 4 - 6

Weeks 6 - 8

Neuromuscular Re-education electrical
stimulation targeting the vastus
medialis
Hip and knee isometrics progressing
to concentric table-based exercise
including straight leg raises, glut/
hamstring bridges, short and long arc
quads
Quadruped rocking
Weight shifting
Manual Therapy

Add mini squats (2 weeks) and leg
press (3 weeks)
Blood Flow Restriction for table
exercises at 4 weeks (thigh
laceration and incision healing)

Bike warm up daily
Band walking – lateral and retro
walking
Retro stairs, assisted step downs
Side planks

Undulating program –
strength, functional, core,
pool
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Figure 4. A) Anteroposterior and B) lateral femur radiographs showing progressive healing.

combined labral repair and anterior cruciate ligament
reconstruction protocol with no range of motion or
weight-bearing considerations (Table 1). Previous case
reports5,6 have shown long-term patient concerns of
patellofemoral or hip abductor weaknesses as far out as
1 year after internal fixation. Restoration of muscle firing
at both the hip and knee was emphasized, especially the
gut complex and vastus medialis. At 1 year post injury,
the patient subsequently showed no symptoms of hip or
knee dysfunction.
Blood flow restriction (BFR) using the “B Strong”
modality ((B)Strong, Park City, UT) was applied for all
concentric exercise during week 4 onward. The patient
was no longer taking Lovenox and there was concern
for comorbidity such as deep vein thrombosis. Thus,
approval to begin BFR training was obtained from the
orthopaedic surgeon. The BFR cuff was applied to
pool workouts, including strengthening and plyometric
activity. Pressure was estimated using the “B Strong”
application, and applied at 310 mm Hg to each leg
for up to 30 minutes at a time. The primary goal of
the BFR modality is improved muscle hypertrophy,
allowing the patient to regain strength rapidly and
progress easily back to high-level performance lifting.
Although there are many studies showing benefits
for muscle hypertrophy, there is not strong evidence
to support BFR to modulate bone remodeling.7 Until
BFR was discontinued at 16 weeks postoperation, the
patient continued strength training, including step-ups,
squatting, and lunging.
At 16 weeks, he began running and returned to
plyometric activity. At 18 weeks postoperatively, he
resumed limited strength and conditioning activity.
Radiographs were obtained at 8 and 16 weeks

postoperatively (Figures 4 and 5). Complete healing
was determined to be at 16 weeks. Force plate data
were compared to his pre-injury levels. He showed
an increased laterality discrepancy, especially
in the braking phase immediately prior to the
countermovement explosive phase. This represents a
shift from his left leg into his right leg at the bottom of
the loading phase of jumping. Modifications were made
to strength and conditioning activity, with a specific
emphasis on unilateral eccentric plyometrics, including
reflexive split squat drops and mini hurdle deceleration
drills 3 times per week. He resumed full on ice training
at 24 weeks postoperation. His only remaining concern
was occasional gluteal fatigue, which was resolved with
z-axis hip and core integration training. A preseason
assessment using an InBody 570 (InBody USA, Cerritos,
CA) showed increased muscle mass in his left leg
compared to pre-injury levels the previous preseason.
Measurement of his vertical jump using a Hawkins Force
Plate (Hawkins Dynamics, Westbrook, ME) showed a
17% difference in his left versus right side in the braking
phase of a jump, improved from 27% 12 weeks prior
(Figure 6). His pre-injury difference was 0.2%. At 30
weeks postoperatively, he showed a 9.5% difference,
which represents an improvement of 17% compared
to initial testing post injury. His vertical jump height
also improved to at or above baseline by 20 weeks
postoperatively. Performance lifting testing of trap bar
dead lift showed a decrease in 25 lbs from 400 lbs prior
to injury to 375 lbs at 22 weeks postoperatively. He also
showed a one repetition maximum of 425 lbs for each
leg in a rear foot elevated split squat with no available
pre-injury testing available.
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Figure 5. Anteroposterior A) proximal, B) distal C) proximal lateral, and D) distal lateral femur radiographs at
16 weeks showing near complete healing. These are the
final radiographs tracking callus formation and healing.
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DISCUSSION
Proper assessment and transport are crucial to
obtaining a positive outcome with femur fractures.
Failure to recognize the pathology and immobilize
the patient prior to extraction may result in additional
complications, including propagating neurovascular
compromise or failure to recognize a compartment
syndrome. It is important to assess distal pulses
and sensation when evaluating lower-extremity
trauma in order to rule out either pathology prior
to transport. Standard anterior-posterior and lateral
radiographs are adequate to assess femur fracture, with
additional imaging to include joint above and below.
Postoperatively, initial rehabilitation should focus on
restoring range of motion in the knee and hip and the
strengthening of all hip and thigh musculature. The
intermedullary nail allows for immediate weight bearing
as tolerated. If the fracture pattern and bone quality
permits, then all attempts should be made to allow the
patient to ambulate fully without assistance as soon as
they can do so safely with a relatively normal gait.
Although fracture of the femoral diaphysis is rare
in athletic competition, it should also be considered
when assessing traumatic injury to the thigh. Skating
velocities may be as high as 30 mph and sliding
velocities as high as 15 mph.8 The speed, environmental
risks of fixed boards around the ice surface, and rapid
deceleration all contribute to the potential for highvelocity collisions in the sport of ice hockey. This
combination of factors creates a considerable risk
for injuries, and may explain why the injury described
in this case occurred despite a previously limited
documented description.
Once proper diagnosis has been made, it is necessary
to work with multiple disciplines in order to ensure
complete recovery. Early involvement of the strength
and conditioning staff will help ensure safe and
appropriate maintenance of cardiorespiratory fitness.
Close collaboration with the certified athletic trainer,
surgeon, and strength and conditioning staff creates an
environment for long-term patient success as well as a
decreased risk of complication.
Overall, successful return to play will be largely
dictated by proper diagnosis and collaborative care
between physician, athletic trainer, and strength and
conditioning coach. In order to best optimize patient
outcomes, future investigation of fracture to the femoral
diaphysis should work to focus on development of a
more complete rehabilitation protocol.

Figure 6. Jump Countermovement Laterality Difference. A negative number indicates a bias to the right side, while a
positive difference would indicate a bias to the left side. This phase of the jump specifically identifies a discrepancy
when the patient squats down and the instant immediately prior to propulsion, capturing a loading bias.
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ABSTRACT
Primary bone and soft-tissue tumors may present by
mimicking common sports injuries. Their diagnosis
is contingent on maintaining a broad differential.
We report a case of a 20-year-old male athlete who
sustained a twisting injury to his planted right knee
while playing college lacrosse. He was unable to bear
weight or fully extend his knee. The team’s orthopaedic
surgeon was concerned for a locked knee secondary
to a possible flipped meniscal tear. Radiographs and
magnetic resonance imaging were performed that
led to the discovery of an expansile, sclerotic lesion
arising from the posteromedial aspect of the distal
femur. Biopsy of the lesion showed an intracortical
osteosarcoma. The patient underwent curative kneesparing en bloc resection with an intercalary allograft
and reconstruction of the medial collateral ligament. At
2 years postoperatively, the patient returned to play, but
not at the previous level.
Keywords: Osteosarcoma, Sports, Knee, Athlete

INTRODUCTION
Early and accurate diagnosis of primary bone tumors in
young and healthy patients can be difficult. Symptoms
of primary bone tumors often present insidiously
and may overlap with those of an overuse or sportsrelated injury.1 A missed or delayed diagnosis can have
devastating limb- and life-threatening consequences,
especially if an inappropriate or invasive procedure is
carried out as part of the diagnostic work-up.2 Thus
a comprehensive history and physical examination is
warranted in all patients, regardless of how clear the
initial diagnosis may seem. We describe the case of
a Division I National Collegiate Athletic Association
(NCAA) lacrosse player who sustained an injury during
practice, and whose initial diagnosis was focused on
sports-related pathology. The purpose of this case
report is to emphasize the overlapping demographics
and symptomatology of sports-related injuries and
primary bone tumors, particularly around the knee,
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and to bring awareness of salient features that can be
crucial in differentiating between the two.

CASE REPORT
A 20-year-old healthy man, with no significant past
medical history, was participating in a Division I lacrosse
practice when he sustained a twisting injury to his right
knee while defending another player. He had immediate
pain on the medial aspect of his knee and was unable to
bear weight. Shortly after practice, he was evaluated in
the athletic training room by a certified athletic trainer
and fellowship-trained, sports-medicine orthopaedic
surgeon. On initial examination, the patient was
found to have localized medial joint line tenderness,
a mild effusion, a 20° extensor lag, and an inability to
tolerate flexion beyond 50°. Anterior cruciate ligament,
posterior cruciate ligament, medial collateral ligament
(MCL), and lateral collateral ligament testing showed
stable and firm endpoints. The patient did report pain
with MCL valgus stress testing and was unable to
tolerate a McMurray test. Based on these symptoms and
the situation in which the injury occurred, the suspected
diagnosis was a locked knee secondary to an entrapped
medial meniscus tear blocking full extension.
Urgent radiographic and magnetic resonance imaging
(MRI) evaluations were obtained (Figures 1 and 2).
Although the menisci appeared healthy and intact,
an expansile, eccentric lesion in the posteromedial
portion of the distal femur was identified. The lesion
demonstrated several benign radiographic features,
including a sclerotic and narrow zone of transition that
did not cross the physis. However, there were more
aggressive features, including an area of transcortical
extension and central enhancement of the tumor.
The tumor was adjacent to, but did not involve, the
neurovascular bundle traversing the popliteal fossa.
Coincidentally, the patient was also noted to have benign
and fibrous cortical defects in the proximal fibula.
Consultation with an orthopaedic oncologist was
made and the patient was seen the next day, less than
one week after the original injury. At this visit, the

Figure 1. Anteroposterior and lateral radiographs of the right knee. An 8 x 3.3 cm expansile,
eccentrically located sclerotic lesion in the posteromedial aspect of the distal femoral metaphysis.
The lesion does not cross the physis and does not have any appreciable matrix mineralization.
Note, there are benign fibrous cortical defects involving the proximal fibula.

Figure 2. Anteroposterior and lateral T2 and axial fat saturated magnetic resonance imaging slices showing a
heterogeneous, hyperintense lesion in the distal femoral metaphysis with transcortical soft-tissue extension
patient’s pain had largely resolved, and he had regained
full extension. Additional history revealed that the
patient had been having episodic, activity-related knee
pain for the last year that improved with rest. He did not
report any pain that woke him up or worsening pain at
night. However, he did report progressive difficulty with
activities of deep flexion, including getting into and
out of a low car. Biopsy of the lesion was performed
and sent to multiple centers for interpretation. The final
diagnosis after full work-up was that of a nonmetastatic,
low-grade intracortical osteosarcoma.
The patient was referred to a large regional cancer
center where he ultimately underwent a knee-sparing
en bloc resection with an intercalary allograft (Figure
3). The resection was performed through a medial
approach and involved meticulous soft-tissue dissection
to avoid violating the tumor margins. Hemicortical
en bloc resection of the tumor was performed using
computed tomography-based computer guidance and

an intraoperative O-arm. The distal extent of the tumor
was proximal to the physis, and it was adequately
resected in a manner that spared the femoral condyles.
An identical set of cuts were then performed on a
freshly frozen osteoarticular allograft, which was further
sculpted to fit the defect and secured in place with a
large locking plate (Figure 4). The medial epicondyle,
and thus the origin of the MCL, was partially transected
during the resection. The remaining intact portion of
the patient’s MCL was then imbricated with an allograft.
Postoperative pathology on the specimen
was interpreted as being an intermediate grade
osteosarcoma. Thus the patient received six cycles of
adjuvant chemotherapy with cisplatin and doxorubicin.
Immediately after the procedure, the patient was
touchdown weight bearing on the operative leg.
This was gradually progressed, and by 7 months
postoperatively he was full weight bearing. No formal
postoperative protocol was utilized.
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Figure 3. Anteroposterior and lateral radiographs taken
approximately 2 years after the joint-sparing en bloc
tumor resection and reconstruction with an intercalary
allograft. There has been radiographic union at the host
and allograft interface.
Roughly 1 year following the procedure, the patient
began to lose his knee range of motion, but he did not
have any evidence of tumor recurrence. He underwent
an open exploration with allograft trimming, quadriceps
adhesion takedown, and knee manipulation. Following
this, he underwent extensive physical therapy and
strength training with the hopes of returning to lacrosse.
The patient’s rehabilitation focused initially on knee
range of motion, with subsequent therapy targeted at
functional leg strengthening for the high conditioning
demands needed for play. Approximately 2 years from
the date of diagnosis, the patient returned to lacrosse
and was able to participate in light competition.
However, the patient did not return to his preoperative
level of play. The disease had not recurred at the time
of his last clinical follow-up, which was roughly 4 years
from the date of the procedure.

DISCUSSION
Osteosarcoma is uncommon in the United States,
with approximately 500 cases diagnosed in children
and young adults annually.3 This condition also makes
up a small fraction of all knee tumors.4 The two most
common malignant knee tumors are osteosarcoma and
Ewing’s sarcoma. Most tumors around a young athlete’s
knee are benign, with the majority of symptomatic
lesions being an osteochondroma, osteoid osteoma,
aneurysmal bone cyst, or nonossifying fibroma.5 The
knee is one of the most frequently imaged structures in
the body, and many benign and malignant lesions are
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Figure 4. Using computed tomography-based
navigation, the tumor was resected en bloc. A
fresh osteoarticular allograft was then sculpted
to match the defect and secured in place with a
locking plate.
found incidentally through work-up of nononcologic
pathology, including fractures, degenerative conditions,
and sports-related injuries. In these instances, the
nononcologic diagnosis can arise independently as
a result of the tumor or as a misdiagnosis; however,
the bone lesion is the true causative agent.6 In their
review of over 650 knee tumors, Muscolo et al1 found
that 3.7% of the tumors were treated with an intraarticular procedure owing to being misdiagnosed as a
sports injury. In 60% (15/25) of these cases, definitive
oncologic surgical treatment was altered.1
For both sports-related injuries and bone tumors, the
most common concern is pain. Pain-related symptoms
that should raise suspicion include pain at rest, pain at
night, and pain that does not follow the typical recovery
of what otherwise would be expected from the initial
diagnosis.7 Additionally, prodromal symptoms can help
differentiate between tumor pain and injury-related
pain when both may be present. In this case, the patient
had been having episodic knee pain and mechanical
symptoms for nearly 1 year before the acute injury.
Differentiating between benign and malignant
pathology may ultimately require a histologic diagnosis,

but that consideration requires the recognition that
not all knee pain is actually knee pain. Furthermore,
nononcologic orthopaedists will almost assuredly
encounter osseous lesions in their work-up of acute and
chronic conditions. Although many of these lesions are
ultimately benign, it is through this pathway that many
patients with aggressive and life-threatening neoplasms
get the care they need.
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ABSTRACT
Massive acetabular bone loss with pelvic discontinuity
remains a challenging obstacle with few arthroplasty
solutions. We present a case of a 61-year-old man with
multiple myeloma who suffered a pathologic acetabular
fracture resulting in acetabular protrusio and eventually
extensive acetabular bone loss. His prognosis was initially
poor; however, he ultimately responded to his radiation
and chemotherapy and was limited in his mobility by
his extensive acetabular bone loss. Given his complex
presentation, it was decided to go forward with total hip
arthroplasty utilizing the Zimmer-Biomet custom triflange
acetabular component. His outcome at 9 months is fair.
Keywords: Hip Replacement Arthroplasty, Joint
Revision, Multiple Myeloma, Pathologic Fracture, Total
Hip Replacement

INTRODUCTION
Extensive acetabular bone loss remains a difficult
problem for adult reconstruction surgeons. This setting
is challenging owing to inadequate bone-for-device
implantation and bone integration of the construct
placement, which is further complicated by neoadjuvant
chemoradiotherapy. Antiprotrusio cage, cup cage,
custom triflange, and porous metal constructs are the
modalities that are often considered for reconstruction.
Szczepanski et al1 found in a recent meta-analysis of
the aforementioned constructs, utilized during pelvic
reconstruction in the setting of revision arthroplasty,
found custom triflange and cup-cage constructs as
having the overall lowest mechanical failure rate. All
sampled constructs were found to most likely fail
in the midterm, with an average mechanical failure
rate of 14.2% versus a 2.6% rate for custom triflange
constructs.1 As seen with other constructs, custom
triflange constructs are developed with porous metals
that help promote bone growth integration.
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In the case presented below, we describe a unique
scenario of a 61-year-old man who developed massive
acetabular bone loss and a pathologic acetabular
fracture with protrusio as a result of multiple myeloma.
To our knowledge, this is the first case in the literature
to use a custom triflange acetabular component in a
primary setting.

CASE REPORT
A 61-year-old man presented after tripping over a
broomstick and sustaining an acetabular fracture.
Imaging was obtained, and the patient was found to
have a lesion suspicious for malignancy. He was thus
transferred to our facility. Initial pelvis films found a
large lucent lesion involving the left acetabulum and
extending into the inferior pubic ramus. Computed
tomography (CT) scan with contrast showed a 10.1
x 10.2 x 11.5 cm expansile mass centered at the left
acetabulum, and an associated pathologic fracture
through the left ischium and posterior acetabular wall
with left acetabular protrusion. Metastasis to the T6
vertebrae was also apparent.
The lesion was biopsied and identified as multiple
myeloma. The patient also had multiple medical
comorbidities, including supraventricular tachycardia,
poor dentition, and acute pulmonary embolism. Initially,
the patient was treated with radiation at a dose of
30 Gy over 10 fractions. The patient was deemed not
a surgical candidate until he was in remission and a
positive prognosis was available. He then received
systemic chemotherapy for 1 year and 3 months.
After a positive prognosis was available and the
patient was in remission, a discussion was had regarding
reconstruction of the left hip. His bone loss was
quite complex at this point. Reconstruction would be
surgically complex and would require multiple revision
components (Figure 1). A CT scan was obtained, and it

showed severe medial and superior protrusion of the
hip with only a thin rim of bone keeping the pelvis in
continuity (Figure 2). The combination of bone loss and
lack of medial wall integrity made reconstruction with
simple revision components a poor choice. It was thus
decided that a custom triflange acetabular component
would provide the most fixation to the pelvis.
The implant selected was the Zimmer-Biomet custom
triflange acetabular component (Biomet Orthopedics,
Warsaw, IN). The CT scan seen in Figure 2 was used to
create the implant with preoperative planning diagrams
seen in Figure 3. A 3D printed model of the patient’s
pelvis with the proposed component can be seen in
Figure 4. This process took approximately 8 weeks
before the final implant was created and ready to be
implanted. This component utilizes Porous Plasma
Spray™ coating (Biomet Orthopedics, Warsaw, IN) to
improve bone integration through ingrowth.
A posterolateral approach to the hip was utilized. To
allow for safe elongation of the leg, the sciatic nerve

Figure 1. Preoperative anteroposterior pelvis radiograph

was identified and released circumferentially. He was
approximately 2.5 cm short radiographically on the
operative extremity. The head could not be dislocated
independently, and thus a femoral cut in situ was
performed. The head was extracted using piecemeal
technique due to its depth within the pelvis. A reamer
was used to remove the diseased cartilage off the
anterior column. The tumor tissue was removed and
sent to pathology. A reamer-irrigator-aspirator (RIA)
was inserted into the femoral canal to obtain bone graft
for the acetabulum. The femur was then reamed for the
stem, and the modular component was left off to place
the acetabular component. The custom triflange was
rotated into place, but it was initially difficult to position
owing to the size of the flanges. However, once shown
to be in an adequate position with proper version as
intended, it was secured using both non-locking and
locking screws. The locking screws on the periphery
were shown to be secure. The autograft from the RIA
was mixed with allograft chips prior to securing the
screws, which was backfilled into the cavitary defect.
The screws in the acetabular cup were then secured.
The hip did require considerable soft-tissue release to
allow reduction into the acetabulum. Once reduced, the
hip was stable up to a combined 90° of flexion and 30°
of internal rotation. The surgery was completed without
noted complication. Postoperative radiographs showed
well-seated implants in the desired locations, with the
operative extremity now about 1.5 cm longer than the
contralateral side.
For the first 2 months postoperatively, the
patient was limited to touchdown weightbearing to
allow for bone integration into the component. He
developed a sciatic nerve palsy over the first few days
postoperatively, resulting in a foot drop and requiring
an ankle-foot orthosis. The patient was ambulatory
with a walker at his 3 week follow-up, and he stated he
had no pain in his hip at 2 months postoperatively. His
component incorporated adequately on postoperative
radiographs (Figure 5). At his most recent visit at 7
months postoperatively, he is using a cane only and is

Figure 2. Axial and coronal cut from preoperative computed tomography scan showing thin shell of remaining
acetabular bone
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Figure 3. Preoperative plan showing screw position and hip center of new component

Figure 5. Postoperative anteroposterior pelvis
radiograph

Figure 4. 3D model of the patient’s pelvis with planned
component
able to dorsiflex his ankle against gravity. Maintenance
Revlimid (Celgene Corporation, Summit, NJ) was
administered throughout this time, and the patient is
still in remission.

DISCUSSION
Massive acetabular bone loss is a difficult problem
when attempting total hip arthroplasty. To our
knowledge, the case presented is the first to use a
custom triflange acetabular component in a primary
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total hip arthroplasty setting. The patient had extensive
acetabular bone loss from multiple myeloma and a
pathologic acetabular fracture with protrusio. Although
this is certainly not a straightforward primary case,
it does suggest that the custom triflange component
can be used outside of revision arthroplasty and has
use in the musculoskeletal oncology specialty. This
component has already been shown to have favorable
short and midterm results in the revision setting, and
here we present a multiple myeloma patient doing
excellent at 9 months postoperatively.2-6 In revision
hip arthroplasty cases, the large cavitary bone defect
combined with a very thin medial wall is not commonly
seen.
This case was unique given the extent and type of
bone loss to the acetabulum. The large cavitary bone
defect combined with a very thin medial wall is not
commonly seen. There are several treatment options,

including conventional options such as jumbo cups,
augments, cage constructs, and reinforcement rings.
However, these options have less favorable outcomes
because the amount of bone loss is so dramatic that
there is simply not enough host bone to seat the
implant reliably with any hope of bone integration.7,8
This leaves the cup-cage construct and custom
triflange acetabular component, which offer a more
stable construct, especially in the setting of a pelvic
discontinuity.1 The cup-cage construct relies on the
ability to seat an acetabular component on the host
bone, and then fix it in place with a cage that sits within
the cup. It is then secured using screws in the remaining
host bone. Although this technique works quite well and
has favorable outcomes, the cage constructs are limited
in screw placement and still rely on the acetabular
component to have bone integration at its implanted
position. When presented with this degree of bone
loss and change of hip center, the custom triflange
acetabular component offered the best combination
of screw placement and amount of porous material in
contact with host bone for increased chanced of ongrowth.
To our knowledge, there have been no studies
comparing the outcomes of cup-cage constructs to
custom triflange acetabular components directly. The
results of this component have been studied in both
the short and midterm range in revision arthroplasty.
Overall, survivorship up to a minimum of 2 year followup has been shown to be as high as 83 to 100%.2-4,6,9
Gladnick et al6 reported midterm results at a 5 year
follow-up minimum to be quite favorable, with only 1
of 73 hips (1.4%) deemed radiographically unstable at
final follow-up.6 Long-term data are still lacking in the
literature. Complications following implantation are still
quite high. Instability is the most common complication
with some articles reporting up to 30%. Nerve injury to
the superior gluteal and sciatic nerves is also reported
as high as 10%.9,10
The biggest disadvantage to the custom triflange
component is the preoperative planning that must
take place. Cup-cage constructs can be used as a
back-up plan in most revision scenarios; however, a
custom triflange must be decided on before surgery
and requires close interaction with the manufacturer
to ensure proper specifications are met. It also relies
on the acetabulum not changing significantly from the
time of CT to the operating room. The cost of the two
constructs, surprisingly, were found to be quite similar.
Taunton et al4 found implant cost to be $12,500 for the
custom triflange and $11,250 for the cup-cage construct.
The biggest advantage of the custom triflange is
realized in the operating room. Regarding the custom
implant, it is a matter of exposing the host bone
surfaces and implanting based on the preoperative plan.
Custom triflange acetabular components offer
a potential solution for the most difficult cases of
acetabular bone loss. As seen in this case, its use

can be a viable option in the setting of metastatic
disease. Long-term data are still lacking, but short and
midterm data is promising. Its cost is relatively similar
to that of the cup-cage construct when dealing with
massive acetabular bone loss. The relatively extensive
preoperative leg work results in a custom monoblock
component designed to take full advantage of
remaining host bone with a porous surface and options
of locking screws. In this patient with an irradiated
acetabulum, massive bone loss, and a relatively good
prognosis from multiple myeloma, the custom triflange
acetabular is a viable option as a robust and sturdy
arthroplasty component.
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ABSTRACT
Limb lengthening can be affected by poor bone
healing in patients with human immunodeficiency
virus. This is a case report of a 56-year-old man with
6.1 cm leg length discrepancy and end-stage arthritis
in the hip. The patient had total hip arthroplasty
prior to his lengthening procedure. The patient was
human immunodeficiency virus positive. This case
report describes the experiences of using a motorized
intramedullary magnetic lengthening nail in equalization
of limb length discrepancy. Treatment for the patient
included tibial lengthening with a motorized nail to
correct the limb length discrepancy, with adequate bone
healing in a patient with an human immunodeficiency
virus infection.
Keywords: Leg Lengthening, HIV-Positive Patient,
Motorized Tibial Nail, Leg Length Discrepancy, Limb
inequality

INTRODUCTION
Leg length discrepancy (LLD) can result in considerable
disabilities such as limping, back pain, and joint
arthritis.1 Gradual limb lengthening using distraction
osteogenesis is a well-established technique that
equalizes LLD. Reasonable operative options include
external fixation, lengthening over the nail, lengthening
and then nailing, or lengthening with a fully implantable
motorized nail such as the PRECICE Nail (NuVasive,
San Diego, CA).2-4 Each surgical technique has its
advantages and limitations.
In recent years, motorized nailing has become the
more popular method of treating LLD for several
reasons, including transcutaneous activation, short
consolidation time, high-quality bone regeneration
during lengthening, and early functional rehabilitation. 3,
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The advantages of using motorized nails compared to
external fixation include earlier weight bearing, reduced
refracture or regenerate bending after external fixators
removal, less pain during lengthening, lack of pin-site
infection, and rapid restoration of joint range of motion.12
Disadvantages to using motorized nails include increased
risk of blood loss, fat emboli, mechanical failures, and
intramedullary infection.5-7
Human immunodeficiency virus (HIV) disrupts the
normal inflammatory process, leading to delayed wound
healing, osteopenia, and osteoporosis.13,14 For patients
with HIV, the incidence of contracting infection is higher
during external fixation for open fractures.15,16 Poor bone
mineral density compromises the post-surgical healing
process of fractures in patients with HIV.17
This case describes a complex case of a 6.1 cm LLD of
the right femur in an HIV-positive patient treated with
tibial lengthening with a motorized nail.
5-11

CASE REPORT
A 56-year-old man was referred to clinic for
management of an LLD owing to shortening of the right
femur. The patient reported remote history of a right
femur shaft fracture that was treated nonoperatively
during childhood. He had concerns of pain and
limping. The pain was aggravated by exercise and
walking. Preoperative images confirmed end-stage
osteoarthritis of the hip and LLD. The patient underwent
arthroplasty of the right hip for the end-stage right-hip
osteoarthritis. The surgery was performed by a different
surgeon. Total hip arthroplasty (THA) was uneventful;
however, the patient continued to have pain and limping
after THA due to LLD. The patient was referred to our
center for further evaluation and treatment of LLD.
The patient was evaluated clinically and radiologically
for the amount and source of LLD, ankle and knee

range of motion, and limb alignment. The LLD was 6.1
cm in the right femur (Figure 1). The femoral stem of
the ipsilateral THA extended down to the mid-shaft. The
plan was to lengthen the right tibia 6 cm to compensate
for the 6.1 cm shortening of the right femur. The patient
was counseled about other treatment options and their
complications (ie, left femur shortening and external
fixators), and he consented for implantation of a
PRECICE Nail in the right tibia to correct the LLD.

SURGICAL TECHNIQUE

Figure 1. Preoperative radiograph showing
leg length discrepancy with shortening of the
right lower extremity.

The procedure began with a fibular osteotomy and
prophylactic stabilization of distal tibia-fibular joints
with 3.5 mm screws to allow lengthening of both the
tibia and fibula. Before reaming, a single venting hole at
the presumed osteotomy site was made to minimize the
risk of fat embolism during reaming. This single hole was
purposefully located in the medial border of the tibia
and opened into the subcutaneous tissue to be an exit
for excess reaming material, and avoid the extravasation
into the closed anterolateral leg compartment. This
technique was used to reduce the risk of the acute
postoperative compartment syndrome. The tibia was
then progressively reamed to 13 mm and implanted
with a 305 x 10.75 mm PRECICE Nail. Additional drill
holes were made at the presumed osteotomy site using
a 4.8 mm drill bit. The nail was then advanced just
short of the osteotomy. Completion of osteotomy was
then performed using a sharp osteotome (DeBastiani
technique). The completion of osteotomy was verified
using two orthogonal fluoroscopic images. The nail was
then carefully advanced through the tibia. Advancing of
the nail was monitored using fluoroscopy.
The fixation of the superior tibiofibular joint was
achieved with one of the proximal locking screws of the
nail (Figure 2). The screws passed from medial to lateral
through the nail and through the proximal tibiofibular

Figure 2. A,B) Anteroposterior and lateral radiographs of implantation of PRECICE nail at 1
week postoperatively.
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Figure 3. A,B,C) Images at 12 months follow-up showing correct leg length discrepancy of right lower extremity and
range of motion of the affected extremity.

Figure 4. A,B Anteroposterior and lateral radiographs of PRECICE nail implantation at 12
months follow-up showing union of the tibial osteotomy site and nonunion of the fibula.
joint. The distal locking screws were inserted using a
perfect circle technique. Intraoperative lengthening
of 1 mm was applied by the PRECICE nail to verify
its mechanical properties using the external remote
controller, while the patient was still under general
anesthesia.
Postoperative Course
The patient was admitted for pain control and received
intravenous antibiotics for 24 hours. The patient wore
a controlled ankle motion boot during the night to
protect against ankle equinus contracture. He was
referred to physical therapy immediately after surgery.
After a latency period of 2 weeks, tibia lengthening
began at a rate of 0.75 mm per day for three
increments per day. Partial weight bearing of 40 lb
was allowed during the distraction phase. Followup appointments were scheduled regularly every 1
to 2 weeks. The patient reported trouble scheduling
physical therapy appointments due to his insurance.
At 3 months postoperatively, gastrocnemius recession
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(Strayer procedure) was performed for ankle equinus
contracture. Ankle range of motion was fully restored
postoperatively.
Radiographs showed poor-quality bone regeneration.
The rate of distraction was slowed to induce
normotrophic regeneration. The slower rate (ie, 0.25
mm per day) improved bone regeneration quality, and
the patient consolidated without further interventions.
Before stopping the distraction, a final LLD evaluation
was performed clinically and radiographically. Clinical
evaluation was performed using wooden blocks,
and radiographic evaluation was performed using a
weight bearing, full-length scanogram. A total of 6.1
cm of lengthening was achieved over 9 months for a
lengthening index of 0.68 cm per month. At the final
follow-up at 28 months postoperatively, the patient
reported ambulation without assisted devices or pain.
The patient maintained a full range of motion in the
knee and ankle (Figure 3). The radiographs confirmed
the full healing of the regenerate and equalization of

LLD (Figures 4 and 5). Removal of screws across the
superior and inferior tibiofibular joints were performed
owing to pain and screw loosening (Figure 6).

DISCUSSION

Figure 5. Radiograph at 12 months
follow-up showing corrected leg
length discrepancy of right lower
extremity

LLD with associated end stage arthritis is a challenging
clinical scenario and adds to the complexity of primary
THA. Dysplastic hip joints associated with femoral
shortening were well-known examples. There is no
consensus in the literature about the proper timing
of limb lengthening whether before or after THA.
In this report, the patient had THA before the limb
lengthening procedure. The lack of the co-ordination
with arthroplasty surgeon limited the options for the
limb lengthening procedure.
The patient’s factors and surgeon’s skillset should be
considered when deciding on appropriate treatment.
In this case report, the patient’s factors included the
poor bone quality, increased risk of infection secondary
to HIV and the presence of femoral stem in the femur.
The treating surgeon discussed all operative options
with the patient. Additionally, the treating surgeon
thoroughly discussed that equalization of LLD can be
achieved through shortening of long limb (left femur)
or lengthening of the short leg. The patient declined
shortening of left femur due to height reduction, loss of
muscle strength and risk of vascular compromise.
The various limb lengthening techniques were
discussed as well, including whether to lengthen the
femur or tibia and the best device to be used for bone
lengthening. In this case, the treating surgeon always
preferred to lengthen the short bone (femur), which
has a better bone regenerate and short consolidation
time after lengthening.18 Despite these advantages
of femoral lengthening, there were multiple concerns
about femoral lengthening in this patient. The surgeon
did the preoperative planning and radiographic
measurements. The available lengths of the retrograde
femoral nails would leave either a small area of the
femur unprotected between the tips of the nail and

Figure 6. Radiographic images after removing the loose proximal locking screw from the
superior and inferior tibiofibular joints.
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femoral stem. The unprotected segment of the femur
poses a significant risk of stress riser and increased risk
of periprosthetic fracture, or the insertion of the nail
will be stopped by the stem of the prosthesis becoming
prominent in the knee. The risk of periprosthetic fracture
is significant in this HIV patient with poor bone quality
and impaired bone healing. Additionally, the amount of
available nail stroke was another concern. The patient
needed 6.1 cm of lengthening. The shorter nails allowed
only 5 cm of lengthening. This might leave the patient
with residual LLD. The external fixator was an option;
however, it was not optimum in this HIV patient owing
to increased risk of pin-site infection and knee joint
stiffness due to muscle tethering.
The outcome of limb lengthening using motorized
nails is well-documented in the literature. Hawi et al19
showed that the intramedullary nailing lengthening
(PRECICE system) had better results compared to an
external fixator in controlling limb alignment during
lengthening, less pain, and early weight bearing.
However, the use of the intramedullary lengthening
nail is contraindicated in different conditions such as
infection, open physis, patients with small medullary
canal, and patients who are not compliant to
lengthening instructions.19
Leg lengthening can be complicated with soft
tissue contractures. Knee flexion and iliotibial band
contractures were well-reported during femoral
lengthening in the literature. On the other hand, ankle
equinus contracture was common in tibia lengthening.20
Intensive physical therapy for muscle stretching and
joint range of motion exercises helped to prevent
soft-tissue contractures. Protective splints were very
helpful to avoid soft-tissue contractures. Surgical softtissue release may be needed in fixed contractures that
were not responding to nonoperative measurements.21
In our case, the patient developed ankle equinus
contracture owing to lack of access to physical therapy
due to insurance issue. The equinus contracture was
successfully treated with gastrocnemius recession.
To our knowledge, there is no clear published
protocol in the literature to treat patients with endstage hip arthritis and large LLD. Performing limb
lengthening before or after THA, the amount of
acute lengthening during THA, and whether to use
external fixators or motorized nails for lengthening
are questions remained to be answered. Harkin et al22
reported a case series of three patients with THA who
underwent ipsilateral femoral lengthening. The LLD
in those patients were treated safely and accurately
with intramedullary femoral lengthening. The treating
surgeon used a motorized nail for tibial lengthening
over an external fixator in this case for two reasons.
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First, external fixators had higher risk of pin tract
infection in HIV patients. The infection may spread
to the femoral stem. This might cause a serious
periprosthetic joint infection. Ferriera et al23 examined
229 patients as well as the incidence of pin-site
infection in HIV-positive patients versus their HIVnegative counterparts. Although HIV infection has
been independently implicated in the development
of pin-site infection, this study found no significant
difference between the two groups in the incidence
of the infection.24-26 This is in contrast to the historical
belief that HIV infection results in increased incidence
and increased severity of the pin-site infection, as
well as the general recommendation against their
usage in these patients.25,26 However, these studies
were not limited to limb lengthening procedures and
encompass all orthopaedic trauma. The second reason
for lengthening using motorized nail was the reduced
risk of secondary fracture or regenerate bending after
external fixators removal.27
The asymmetry of the knee levels was an obvious
limitation of using tibial lengthening for femoral
shortening. However, our patient reported no functional
limitation related to the asymmetry of knee height.
The authors were not aware of any published report of
the gait analysis study showing gait disturbance due
to asymmetry of knee height. Despite this, the authors
admitted the cosmetic concerns of the asymmetry of
the knee height, the patient was extremely satisfied
with the final outcome.
This is the first reported case of bone transport with
a motorized nail in an HIV-positive patient. Although
there have been studies examining the complications
associated with HIV-positive patients and orthopaedic
injuries, none have been conducted to measure the
success of bone lengthening with a motorized nail. In
this case, a decreased distraction rate was needed to
accommodate the poor bone formation seen in this
subset of patients. Implantation of a motorized nail
controlled via external remote controller allowed rate
and rhythm adjustments during lengthening and the
achievement of a desirable outcome in our patient.
In conclusion, motorized nails can be used effectively
to equalize LLD correction in HIV-positive patients.
Slowing the rate and rhythm allows more time for bone
healing and consolidation. Preoperative coordination
between arthroplasty and limb lengthening surgeons
is critical to increase the available treatment options in
patients with combined LLD and hip osteoarthritis.
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ABSTRACT
A 24-year-old woman, with 5 years of left elbow
pain, was given a preliminary diagnosis of focal
pigmented villonodular synovitis based on magnetic
resonance imaging. She underwent arthroscopic
debridement and was found to have an intra-articular
bony mass. Histopathology was consistent with
an intra-articular osteoid osteoma. The mass was
removed arthroscopically with excellent symptomatic
improvement. There was no recurrence of symptoms at 1
year follow-up.

reason, treatment shifts towards surgical excision, which
can be performed in either an open or arthroscopic
fashion.13 This treatment also provides histology for
diagnostic confirmation.14
Intra-articular osteoid osteoma of the elbow joint
is not often described in the literature.2,15,16 As such,
the differential diagnosis of chronic elbow pain rarely
includes this pathology. This case highlights the atypical
presentation of an intra-articular osteoid osteoma,
expected diagnostic delay, and successful arthroscopic
treatment.

Keywords: Osteoid, Osteoma, Elbow, Arthroscopy

CASE REPORT

INTRODUCTION
Osteoid osteoma is a benign lesion most commonly
found in the diaphysis of lower-extremity long bones.1
Intra-articular pathology is uncommon and accounts for
only 5 to 12% of lesions.1,2,3 Classic symptoms, such as
night pain relieved by non-steroidal anti-inflammatory
drugs (NSAIDs), may be altered or absent when the
lesion occurs within a joint.2,3,4 Traditional radiographic
imaging does not provide a clear visualization of
reactive sclerosis, which is typically seen in extraarticular locations.5 Subsequently, lesions located within
the joint capsule are frequently missed. Furthermore,
magnetic resonance imaging (MRI) may fail to show the
central nidus. Computed tomography (CT) scans remain
the most specific for diagnosis.6,7
Delay in diagnosing an intra-articular osteoid
osteoma is often due to patients presenting with nonclassic symptoms and the failure to obtain a CT scan of
the involved joint.5,8-10 When compared to extra-articular
lesions, which have a mean time to diagnosis of 8.5
months, intra-articular lesions have a mean time to
diagnosis of 26.6 months.2
Osteoid osteomas are often treated with
radiofrequency ablation. However, with intra-articular
osteoid osteomas, radiofrequency ablation treatment
risks thermal injury to articular cartilage.11,12 For this
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A 24-year-old, right-hand dominant woman presented
with 5 years of left elbow pain that had been
unresponsive to treatment. Seven years preceding her
presentation, she sustained an ipsilateral radial head
fracture that was treated nonoperatively with a sling.
Within a year, she had full resolution of symptoms with
this treatment. Five years later, she hyper-extended
her elbow, resulting in severe pain. Radiography and
ultrasonography revealed no clear cause. Based off her
examination at that time, she was given a presumptive
diagnosis of biceps tendinitis, which was treated with
a compression sleeve and 5 weeks of physical therapy.
The treatment resulted in no symptomatic relief.
The patient subsequently presented to our facility
for a second opinion. At that visit, she reported that her
symptoms were worse when waking up in the morning
and late in the evenings. She had no relief of symptoms
with NSAIDs. She could not flex her elbow when pain
occurred, and thus described the pain as functionally
limiting. The patient denied any other medical history,
and her family history was noncontributory. Physical
examination was significant for 0 to 135° of motion
compared with 0 to 155° at the contralateral, and
tenderness to palpation both anteromedially and
posterolaterally about the elbow. Her examination was
otherwise unremarkable.

Figure 1. Magnetic Resonance Imaging. Sagittal Proton Density (PD) no fat sat, axial T2W fat sat and axial PD no
fat sat images of the elbow show an expansile, somewhat rounded, osseous lesion on the distal humerus with
intermediate signal and a more focal internal region of low signal on all sequences (arrows). There is an associated
elbow joint effusion with evidence of synovitis (stars).

A

C

Figure 2. Arthroscopy showing A, B) a round and
bony lesion identified in the coronoid fossa using a
5 mm probe, and C) the lesion excised to its base.

B

Dedicated x-rays of the elbow showed no
abnormality. MRI localized a 10 mm x 10 mm x 10 mm
amorphous mass with significant cortical erosion into
the anterior aspect of the mid supracondylar humerus
(Figure 1). The mass had heterogeneous, low signal
intensity on T1- and T2-weighed imaging without
blooming artifact. A preliminary diagnosis of pigmented
villonodular synovitis (PVNS) was given, and histologic
confirmation was recommended. Anterior elbow
arthroscopy was performed through a viewing, proximal
anteromedial portal and a working, mid-anterolateral
portal. Synovial debridement revealed a round bony
mass adherent to the coronoid fossa that appeared
inconsistent with PVNS (Figures 2A and 2B). An
excisional biopsy was performed (Figure 2C). A pituitary
rongeur was used to excise a majority of the mass, and
the base was then excised with an arthroscopic burr.
Posterior arthroscopy was also performed to inspect
the synovium for signs of PVNS or additional masses.
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Figure 3. A) Histopathology showing osteoid osteoma (4x). There are irregular spicules of partially mineralized
woven bone with intervening cellular and hypervascular vascular stroma. B) Histopathology showing osteoid
osteoma (20x). The stroma in between the lace-like spicules of mineralized osteoid is composed of a proliferation of
bland-appearing, plump osteoblasts and increased numbers of small capillaries.

Gross histology revealed a yellow and focally white
piece of hard bone with abutting areas of softer white
tissue. Sectioning and histopathologic examination
revealed nodular proliferations of bland-appearing
osteoblasts with immature trabeculae and an osteoid
matrix that were focally surfaced by reactive synovitis
(Figure 3A and 3B). A diagnosis of osteoid osteoma
was made and confirmed by an outside institution. At 2
and 6 week follow-up, the patient reported resolution
of her preoperative pain. Her elbow flexion reached
145° (within 10° of the contralateral) by 6-weeks
postoperatively. No formal therapy was utilized. There
were no recurrences at 1 year postoperatively.

DISCUSSION
This case demonstrates the challenge of accurately
diagnosing and treating intra-articular osteoid
osteomas. Unlike extra-articular osteoid osteomas,
intra-articular pathology may be unresponsive to
NSAIDs and present with different imaging findings
than what is classically expected.2,3,4 In our case,
the patient’s pain did not improve with NSAIDs.
Her radiographs and ultrasound were negative for
pathology, while her MRI demonstrated erosive changes
and synovitis more consistent with a diagnosis of PVNS.
This highlights the importance of maintaining a
broad differential, which includes osteoid osteoma
when patients have chronic joint pain without obvious
arthritic changes. In this case, our patient had a discrete
mass noted on MRI, but because a central nidus and
osseous sclerosis were not identified, osteoid osteoma
was not within the differential diagnosis. Furthermore,
a CT scan was not obtained given the presumptive
diagnosis of PVNS.
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This work highlights that arthroscopy can be used
to resect an osteoid osteoma from the coronoid fossa.
Arthroscopy offers the surgeon adequate access to
the area without the need for a more extensile, open
approach. Given the benign nature of osteoid osteomas,
a limited surgical dissection for their excision is
appealing. Success of this treatment was demonstrated
by the resolution of our patient’s symptoms and the
improvement in her postoperative range of motion.
Therefore, arthroscopic excision is a successful way to
treat osteoid osteomas of the coronoid fossa and should
be considered when planning a resection.
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ABSTRACT
Radial neck fractures are common injuries in the
pediatric population. Open reduction has classically
been associated with poor outcomes, but it is
sometimes required for adequate reduction. We
describe a 7-year-old patient with a radial neck fracture
and far-medial radial head dislocation through the
interosseous membrane. Open reduction and pinning
was performed, and we were able to follow-up with the
patient for 5 years. The patient had minor loss of range
of motion and early physeal arrest. However, she did
not go on to avascular necrosis and radii asymmetry,
and she did not have any functional deficits. When
closed reduction is unsuccessful in displaced radial neck
fractures, open reduction should be performed. To give
the best chance for a positive outcome, the patient
should be followed for elbow deformity.
Keywords: Pediatrics, Radius, Elbow

INTRODUCTION
In the pediatric population, radial head and neck
fractures make up 5 to 10% of all elbow fractures.1
The most common mechanism of injury is a fall onto
an outstretched arm with the elbow in extension and
a valgus force across the joint.2 The radial head is
perfused in a retrograde fashion.3 Unfortunately, up
to 33% of these fractures result in a poor outcome,
including avascular necrosis (AVN), premature physeal
closure, elbow stiffness, heterotopic ossification,
nonunion, radioulnar synostosis, and radial head
overgrowth.4,5 Children over the age of 10 years have
been found to have worse outcomes, and 30 to 50%
of these fractures are associated with other injuries.2,6
Open reduction has been associated with worse
outcomes, including up to 25% osteonecrosis, and
it is generally reserved for irreducible fractures with
unacceptable angulation and displacement.7-10
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There are two case reports describing four cases of
radial neck fractures with medial displacement of the
radial head in the literature, which were treated using
open medial incisions.11,12 All patients had loss of range
of motion, and two patients had associated ulnar
nerve injury.
We describe a 7-year-old girl with a radial neck
fracture and a medial dislocation of her non-dominant
extremity, treated using a lateral approach, open
reduction, and pinning.

CASE REPORT
A 7-year-old, right-hand dominant girl was pushed off
a 6-foot-high slide. She presented to the emergency
department and was found to have a closed Salter
Harris II radial neck fracture and dislocation of the
radiocapitellar joint (Figure 1). Attempted closed
reduction under sedation was unsuccessful. Owing to
the severe medial displacement of the radial head, the
decision for surgery was made.
The following day, the patient was brought to the
operating room. While the patient was under anesthesia,
three unsuccessful closed and percutaneous reduction
attempts were made using Kirschner wires (Figure
2A). The elbow was grossly unstable to valgus stress.
A lateral incision was made, and the interval between
extensor carpi ulnaris and anconeus was identified. The
capitellum and annular ligament tear were visualized.
The radial head was retrieved through a small, preexisting, traumatic hole in the interosseous fascia. The
fracture was reduced and pinned with a 5/64 inch pin
from the capitellum to the radius. The reduction was
verified using fluoroscopy (Figure 2B). The annular
ligament was repaired before skin closure. Patient was
placed into a bivalved cast with the elbow in neutral
position.
At 2 weeks postoperatively, radiographs confirmed
maintained reduction (Figure 3). At 4 weeks

Figure 1. Injury radiographs of the left elbow. Lateral, anteroposterior, and oblique views showing a metaphyseal
Salter Harris two radial neck fracture with radiocapitellar dislocation.

A

Figure 2A

B

Figure 2B

Figure 2. Intraoperative fluoroscopy images. (A) Anteroposterior (AP) and lateral views with Steinmann pin
directed toward the radial head dislocated medially. (B) AP, oblique, and lateral images with the radial head
reduced and pinned.

Figure 3. Anteroposterior, oblique, and lateral radiographs of left elbow at 2 week postoperative visit. Pins
are intact and patient is in long-arm bivalved cast.

Figure 4. Anteroposterior, oblique, and lateral radiographs of left elbow at 8 week postoperative visit. The
radial head is reduced and bridging callus is present
across the fracture.
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Figure 5. Radiographs at 7 months from surgery. Webb view of both forearms, anteroposterior left elbow,
and lateral left elbow.

Figure 6. Radiographs at 1 year from surgery. Webb view of both forearms, and lateral of the left elbow. A small amount of heterotopic ossification is present over the
proximal radius and she has mild cubitus valgus.

Figure 7. Webb view of both forearms, and lateral of the left elbow at 5 years from
surgery. There are no signs of avascular necrosis or radioulnar synostosis. The
patient has symmetric forearm lengths.
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postoperatively, the pin was pulled in clinic and the
patient was re-casted for an additional 2 more weeks.
At 6 weeks postoperatively, she was placed in an
unlocked Bledsoe elbow brace. She began physical
therapy for range of motion. After 8 weeks, her elbow
was stable on examination and range of motion was 80
to 100° with no pronation and supination. Radiographs
showed reduction of the radial head with bridging
callus and no early signs of AVN (Figure 4). At 12
weeks, the patient improved to a range of motion
of 50 to 110° with 20° pronation and supination. The
patient weaned herself out of the brace with physical
therapy. At 7 months postoperatively, she showed signs
of physeal arrest, and Webb views of the right and
left arms showed radii measuring 18.3 cm and 18.1 cm,
respectively (Figure 5). At 12 months postoperatively,
she had 18.4 cm radii lengths, a small bump over
her proximal radius, mild cubitus valgus, and almost
completely symmetric range of motion (Figure 6).
The patient was seen again at 2 years, 3 years, and 5
years postoperatively. At 5 years postoperatively, her
contralateral proximal radial physis had closed, and
both radii measured 23 cm (Figure 7). She had no signs
of AVN or radioulnar synostosis.

DISCUSSION
Radial neck fractures are common elbow injuries in
the pediatric population and are associated with poor
outcomes, especially with open treatment.5,7,8,10 We
described a radial neck fracture in a 7-year-old girl
with a far-medial dislocation of the radial head, treated
with open reduction and pinning. Our patient did have
premature closure of the proximal radial physis but did
not develop distal ulna instability. To our knowledge,
this is the only reported case of this fracture and
dislocation in a pediatric patient with long-term
follow-up.
El-Ghawabi11 was the first to describe this type of
injury in adults. He treated three patients with radial
head excision through a medial incision. All three
patients had various degrees of loss of terminal
extension, while two patients had marked decreases in
pronation and supination. To our knowledge, Poduval
et al12 reported the only other case of this type of injury
in a pediatric patient. The patient was a 12-year-old
boy treated with open reduction internal fixation using
a small fragment T-plate after the radial head was
delivered through a medial incision. For 6 months, they
were able to follow-up with the patient who maintained
good range of motion; however, he was lost to followup after implant removal. Of these two studies, two
of the four patients had associated ulnar nerve injury.
Neither of the patients were explored in the operating
room, and one of the patients recovered. At 5 years
postoperatively, our patient had full symmetric range of
motion and no signs of neurologic deficit.
Although open reduction of radial neck fractures has
been associated with higher complication rates, it is

nevertheless sometimes indicated. More severe injuries
usually require open reduction. Several studies found
that poor outcomes were related to initial displacement
and theoretical damage to blood supply from the initial
injury as opposed to open treatment.13,14 Our patient
did not go on to AVN, and while she did have some loss
of range of motion at early stages and early physeal
closure, she had no functional deficits at final followup. She did have slight overgrowth of her radial head
(Figure 7). However, overgrowth has been found in
the majority of healed radial neck fractures, and does
not correlate with functional deficit.7 We made sure
to follow-up with her until her radial and ulnar physes
were closed bilaterally. Additionally, using the lateral
approach for open reduction prevented potential ulnar
nerve injury, which was seen in the cases described in
the literature where a medial approach was used.
Although Poduval et al12 chose plate fixation,
Kirschner wire fixation was adequate in our patient.
She did not need to return to the operating room and
the pin was pulled in clinic. Poduval et al12 and ElGhawabi11 proposed one possible mechanism of injury:
the elbow dislocation, with or without radial neck
fracture, spontaneously reduced with elbow movement.
However, this leaves the radial head behind medially.
In our case, the patient’s elbow was very unstable
to valgus stress in the operating room, which could
support this theory.
Although complications in displaced radial neck
fractures may be severe, especially when associated
with open reduction, they do not all lead to bad
outcomes. If these fractures cannot be closed reduced,
they should be brought to the operating room for open
reduction. Our patient presented with an uncommon
far-medial dislocation of the radial head, and she was
treated successfully with lateral open reduction and
pinning. She showed excellent range of motion with no
deformity on long-term follow-up.
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ABSTRACT
A 43-year-old man presented with persistent wrist
pain and loss of range of motion after nonoperative
therapy. Magnetic resonance imaging showed features
consistent with pigmented villonodular synovitis (PVNS)
of the scaphotrapeziotrapezoidal joint. He underwent
arthroscopic excision and synovectomy. At 2 years
postoperatively, he had no symptomatic recurrence.
This case shows the importance of considering PVNS
for chronic pain of small joints, and it highlights the
viability for arthroscopic synovectomy as a treatment
option.
Keywords: Synovitis, Pigmented Villonodular, Wrist
Joint, Arthroscopy

INTRODUCTION
Pigmented villonodular synovitis (PVNS) is a rare
and proliferative condition of the synovium that is
associated with painful inflammation and recurrent
atraumatic hemarthrosis.1 PVNS predominately appears
in larger joints, thus the mainstays of surgical treatment
include both open and arthroscopic synovectomy.
Recurrence rates are as low as 0 to 9% for complete
synovectomy of localized or diffuse disease, but rates
can be as high as 56% with arthroscopic partial and
subtotal synovectomy.2 Although both arthroscopic and
open synovectomy are performed at larger joints such
as the hip and knee, case reports have only described
open debridement for PVNS at the wrist.3-6

CASE REPORT
A 43-year-old, right-hand dominant man presented with
right-wrist pain occurring after a mechanical fall onto
an extended wrist. The pain gradually worsened over 1
year and rendered him unable to complete his physical
fitness tests or perform tasks required for his job as
a military field technician. He described the pain as a

“dull ache,” and it did not improve with non-steroidal
anti-inflammatory drugs (NSAIDs). Nonoperative
treatment, including separate courses of physical
therapy and wrist immobilization, did not result in
lasting improvement of his symptoms. The patient
denied pertinent medical or family history. Physical
examination was significant for tenderness at the dorsal
aspect of the scaphotrapeziotrapezoidal (STT) joint,
between the second and third dorsal compartments.
His examination was otherwise unremarkable.
Dedicated x-rays of the wrist were without
abnormality. Magnetic resonance imaging (MRI)
localized a 17 mm x 10 mm x 8 mm mass to the dorsal
aspect of the scaphoid, adjacent to the STT joint. The
mass appeared with low to intermediate intensity on
T1- and T2-weighted images, with blooming artifact
on T2-gradient echo sequences and heterogeneous
enhancement after intravenous contrast administration,
consistent with PVNS (Figure 1).
The patient underwent arthroscopic excision of
a mass from the dorsal aspect of the STT joint. A
diagnostic arthroscopy of the radiocarpal joint was
first performed through the 3-4 viewing portal. A 6R
portal was established, and a limited debridement was
performed. No significant synovitis was appreciated.
Attention was then turned to the midcarpal joint.
A radial midcarpal portal was established, and a
diagnostic arthroscopy was performed. A dark yellow
mass was identified about the dorsal aspect of the STT
joint. An ulnar midcarpal portal was then established,
and the arthroscope was positioned through the portal
to view the mass. The shaver was advanced through
the radial midcarpal portal, and limited debridement
of connecting synovial tissue was performed to allow
for a marginal resection of the entire mass. The shaver
was removed, and the dorsal radial midcarpal portal
was extended proximally and distally to allow removal
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Figure 1. Coronal T2W fat sat, coronal proton-density no fat sat, and coronal T2* gradientecho images of the wrist showing a mass-like lesion centered in the scaphotrapeziotrapezoidal
joint, with intermediate to low signal intensity on all sequences (arrows). The adjacent osseous
structures are grossly unremarkable.

A

B

C

Figure 2. Arthroscopic images showing A,B)
a rubbery, tan-yellow mass identified in the
scaphotrapeziotrapezoidal joint. Arthroscope in the
ulnar midcarpal portal, 2 mm probe in the radial
midcarpal portal. C) The lesion was removed intact.
of the entire mass with use of a grasper. After removal
of the mass en bloc, the shaver was re-inserted and
an arthroscopic synovectomy and debridement were
performed (Figure 2).
The mass measured 25 mm x 13 mm x 10 mm at the
time of excision, with pale yellow, brown, and mottled
cut surfaces. The mass showed active, hemosiderinladen zones as well as areas of histologic latency
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hallmarked by foamy, cholesterol-filled histiocytes.
A diagnosis of localized PVNS was made (Figure 3).
At 2 and 12 week follow-up, the patient reported
considerable improvements in his preoperative pain
level. The patient was advised to return at 1 year
postoperatively, but he was lost to follow-up. Just over
2 years postoperatively, the patient presented to our
orthopaedic sports clinic for chronic right-hip pain
and consented to a follow-up wrist examination. His
preoperative tenderness at the STT joint had resolved,
and his radial and ulnar deviation were within 5° of the
contralateral side. He was without subjective complaints
at that time, and he had returned to full duty with the
military.

DISCUSSION
PVNS is a benign though aggressive neoplastic disease
that is associated with the abnormal proliferative
growth of villi and nodules within the joint synovium.1
It is classified as either diffuse or localized, with a
respective prevalence of 11.5 and 44.5 per 100,000
persons, respectively.7
Diffuse PVNS exists as a global joint synovitis with
a large effusion and pressure-based erosions on both
the proximal and distal aspect of the joint.8 Commonly
termed “giant cell tumor of tendon sheath (GCTTS),”
localized PVNS exists as a solitary and pedunculated

A

B

Figure 3. Findings of histopathology showing
A) localized-type tenosynovial tumor (2x). Wellcircumscribed and encapsulated polymorphous
proliferation of mononuclear cells admixed with
osteoclast-like giant cells and hemosiderin pigment
deposition. B) Localized-type tenosynovial tumor (40x).
The mononuclear cells are bland and include a mix
of spindled cells with uniform oval nuclei, and larger,
histiocytoid cells with more abundant eosinophilic
cytoplasm and reniform, vesicular nuclei. Also
present are multinucleated giant cells and associated
hemosiderin pigment.
mass, occurring either intra-articularly or extraarticularly intimate with a tendon sheath.8,9 Although
the most commonly affected joint is the knee, joint
involvement at various sites has been described.10
The exact cause of PVNS is unknown. Proposed
mechanisms include de novo development from
joint inflammation, via unregulated cell growth and
proliferation or by prior trauma.10-12 For this reason,
patient history alone may not implicate PVNS as a cause
of joint pain. Classic symptoms are less severe at smaller
joints and nondescript, including joint swelling, pain,
and loss of range of motion.10,12 Diagnosis thus depends
on radiology and histopathology. X-rays may show

soft tissue swelling and bony erosion; however, erosive
changes are often a later finding and typically found in
diffuse disease. For this reason, MRI can be particularly
helpful, as it will show low to intermediate uptake on
both T1- and T2-imaging, and gradient echo sequences
will show a pathognomonic blooming susceptibility
artifact of low signal intensity owing to the presence of
hemosiderin.13 Histologic specimen are grossly nodular
in appearance with characteristic microscopic features,
including hypertrophic villi, multinucleated giant cells,
and hemosiderin-laden foamy macrophages.9,13
The treatment of PVNS includes open versus
arthroscopic synovectomy for both diffuse and
localized disease. Radiation therapy may be used in
place of surgery or as an adjunctive therapy in PVNS
and GCTTS.14 Complete excision is advised to decrease
the chance of postoperative recurrence. This entails a
total synovectomy for diffuse disease, and the removal
of the entire lesion for localized disease.9,15 This is
particularly important, because even after reported total
synovectomies, recurrence rates between 9 to 44% have
been reported.14
This case highlights the diagnosis and treatment of
intra-articular localized PVNS of the STT joint. Despite
its location in an atypical joint, classic symptoms of pain
and range of motion loss were reported by our patient.
Despite normal x-rays, MRI showed the blooming
artifact associated with the presence of hemosiderin,
thus increasing the likelihood that the patient’s pain
was secondary to PVNS. This was confirmed on
histopathology when the specimen showed all the key
features of PVNS.
The current case also shows that arthroscopic
excision and synovectomy for PVNS at a small joint
(eg, STT joint) remains a viable treatment option.
Our patient lacked symptomatic recurrence 2 years
postoperatively. Arthroscopy allows for access and
complete visualization of smaller joints, including
magnification that may improve upon the resolution of
loupe magnification used with open synovectomy. In
this way, local recurrences may be diminished.
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ABSTRACT

CASE REPORT

Chronic wrist pain is a common problem encountered
by orthopaedic surgeons, yet osteomalacia is rarely
considered in the differential diagnosis in the United
States. We present a case involving a 37-year-old man
who experienced bilateral wrist pain and weakness
for more than 2 years. Further investigation revealed
a history of chronic leg pain, low serum 25-hydroxy
vitamin D levels, and decreased bone density. He was
diagnosed with osteomalacia and treated with vitamin
D supplementation and increased sun exposure. At 6
months follow-up, the patient had resolution of his pain
and normalized vitamin D levels. To our knowledge, the
literature has not previously reported on osteomalacia
in a young adult presenting with chronic wrist
pain. Although uncommon, osteomalacia should be
considered in the work-up for chronic wrist pain.

A 37-year-old man presented to the orthopaedic
hand clinic with chronic wrist pain and weakness.
As a software engineer, he had experienced wrist
pain for the previous 2 years. The wrist symptoms
occurred randomly and did not correlate with
activities. He denied a history of trauma. Prior
treatments were unsuccessful, including wrist bracing,
workstation modifications, and cortisone injections.
His medical history was significant for well-controlled
hypothyroidism, childhood tuberculosis, and
immigration to the United States at the age of 20 from
India. On review of systems, he reported intermittent
pains involving his forearms and legs with associated
diffuse weakness. Physical examination of the upper
extremities was within normal limits.
Prior evaluation by the rheumatology service was
negative for laboratory evidence of inflammatory
arthritis. The rheumatologist ordered magnetic
resonance imaging of both wrists, which were found
to be only abnormal for diffuse cystic bone changes.
Owing to his persistent wrist pain without a diagnosis,
he was referred to a hand surgeon for further
evaluation.
After consultation, radiographs of bilateral wrists
were obtained. The radiographs were concerning
for osteopenia. Based on these abnormal findings, a
vitamin D level and a dual-energy x-ray absorptiometry
(DEXA) examination were ordered to evaluate for
metabolic bone disease. The DEXA scan was consistent
with osteopenia, with a T-score more than two standard
deviations below the mean. His serum 25-hydroxy
vitamin D level was 30 nmol/L, with less than 30
nmol/L being considered vitamin D deficient.5 Given
the findings of low vitamin D levels, osteopenia on the
DEXA scan, and history of chronic wrist pain and diffuse
extremity pain, a preliminary diagnosis of osteomalacia
was made.

Keywords: Osteomalacia, Vitamin D, Wrist

INTRODUCTION
Osteomalacia is a metabolic bone disease defined
by abnormal mineralization of osteoid, and it is
most commonly caused by a vitamin D deficiency
and hypophosphatemia.1,2 Chronic wrist pain,
defined as pain lasting greater than 6 months,3 is a
common concern encountered by hand specialists.
Yet osteomalacia is not typically considered in the
differential diagnosis.4 Symptoms of osteomalacia
are often non-specific, including vague body aches
and limb weakness, making diagnosis difficult.5
Osteomalacia is thought to be uncommon in the
United States.5 However, recent evidence from Europe
suggests that osteomalacia is often subclinical and
goes undiagnosed, thus it may be more prevalent in the
United States than initially thought.6 There seems to be
an overall lack of awareness about osteomalacia among
clinicians, thus frequently delaying diagnosis.4
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Endocrinology was consulted for treatment to
evaluate for other causes of vitamin D deficiency.
The endocrinologist ordered additional laboratory
testing, including parathyroid hormone (PTH), thyroid
stimulating hormone, total calcium, and celiac antibody.
All tests were found to be within normal range. The
patient was diagnosed with osteomalacia owing to
nutritional vitamin D deficiency. He was started on
5000 units of daily vitamin D3 supplementation, and
increased sunlight exposure was encouraged. Six
months after starting treatment, his symptoms had
resolved, and his serum 25-hydroxy vitamin D level had
risen to 43 nmol/L.

DISCUSSION
We described a young adult patient (< 50 years old)
with an uncommon case of osteomalacia as a result of
a vitamin D deficiency. In the described case, chronic
wrist pain was refractory to common treatment
modalities. The patient’s symptoms resolved after
following dedicated treatment for osteomalacia;
however, the diagnosis was considerably delayed. We
believe that several factors contributed to the delay in
diagnosis, including the patient’s atypical symptoms,
young age, and clinicians overall lack of awareness
about osteomalacia. The purpose of this paper is
to raise awareness of osteomalacia in this patient
population.
Osteomalacia is a metabolic bone disease that poses
a considerable diagnostic challenge for clinicians.
Osteomalacia is considered rare when compared
to osteoporosis, the most common metabolic bone
disease. However, the prevalence of osteomalacia may
be higher than what is reported owing to frequently
missed or delayed diagnoses.2,5 In the literature, the
majority of osteomalacia cases describe patients
younger than 18 years and greater than 50 years of
age,2,5 suggesting that the age of the patient in this
case (ie, 37 years old) is atypical for osteomalacia.7 This
may be true, or it may be that the diagnosis is more
frequently missed in this age group, as it was in this
case. Further studies are needed to better characterize
osteomalacia in this population.
The most common presenting concerns of
osteomalacia are non-specific, including wholebody pain, bone pain, generalized muscle weakness,
and multiple fractures.1,2,8 In this case, the patient had
concerns of chronic bilateral wrist pain not associated
with activities. We did not find any previously reported
cases of osteomalacia presenting as chronic wrist pain in
the literature, which makes this case unique. We believe
osteomalacia should be considered in the differential
diagnosis for chronic wrist pain.
Although there are many known causes of
osteomalacia, we focused on vitamin D deficiency,
which is the most common cause. The prevalence of
osteomalacia due to vitamin D deficiency is unknown.
Recent literature from Europe showed that 13.0%
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of Europeans, irrespective of age, were vitamin D
deficient.9 Postmortem studies conducted in Germany
reported on populations with a high prevalence of
vitamin D deficiency,6 in which they found that 25% had
histological evidence of osteomalacia.6
Major risk factors for vitamin D deficiency include
limited exposure to sunlight, inadequate nutrition,
and intestinal malabsorption.8 In this case report,
the patient spent the majority of the daytime hours
inside as a software engineer, and thus had decreased
exposure to sunlight. It is well accepted that increased
sunlight exposure can improve a patient’s vitamin
D levels; however, there are currently no strong
recommendations for the appropriate amount of sun
exposure.10
Adequate nutritional vitamin D is important for
maintaining healthy levels. The current guidelines
recommend 600 to 800 IU per day of vitamin D.11
Additionally, the patient in this case report had dark
skin pigmentation and was a non-western immigrant,
which have both been identified as risk factors for
vitamin D deficiency and osteomalacia.1,11
Once the diagnosis of osteomalacia due to vitamin D
deficiency is suspected, the diagnosis can be supported
with laboratory testing. Typical findings in osteomalacia
due to vitamin D deficiency include low 25-hydroxy
vitamin D, decreased serum calcium, elevated alkaline
phosphatase (ALP), and elevated PTH.8 In this case, the
patient’s vitamin D was low, but the serum calcium and
PTH were within normal limits. ALP was not collected.
Treatment recommendations for vitamin D deficiency
consists primarily of oral vitamin D supplementation in
the form of 50,000 IU of vitamin D once per week or
6000 IU daily of vitamin D. The goal of treatment is a
serum 25-hydroxy vitamin D greater than 30 nmol/L.10
In summary, orthopaedic surgeons will encounter
patients at risk for vitamin D deficiency and
osteomalacia. Raising awareness of these problems
could potentially help clinicians identify these patients
early and thus improve patient outcomes.
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ABSTRACT
Single-event multilevel surgery has been used
successfully to treat pediatric patients with cerebral
palsy for decades; however, it has not been widely used
to treat adult patients. Tendinopathies of the arm often
coexist, and performing single event surgery to correct
one joint pathology may further exacerbate coexisting
tendinopathies. Accordingly, performing single-event
multilevel surgery in the appropriate patient allows for
the correction of multiple conditions of the same limb in
a single surgery. Single-event multilevel surgery offers
many benefits, including cost savings, convenience
for the patient, less potential complications owing to
a single anesthetic and hospitalization event, and a
shorter overall rehabilitation period. We present an
adult patient with multiple tendinopathies of the left
upper extremity, including subacromial impingement
syndrome, bicipital tendinitis, lateral epicondylitis, and
trigger finger. He underwent single-event multilevel
surgery for all mentioned musculoskeletal pathologies,
resulting in successful surgical correction without
complications or adverse outcomes.
Keywords: Tendinopathy, Upper Extremity, Orthopaedic
Procedures

INTRODUCTION
Single-event multilevel surgery has been used for
decades to treat pediatric patients with cerebral palsy
(CP), and it is considered by many to be the standard
of care.1 Single-event multilevel surgery allows for
multiple musculoskeletal pathologies to be corrected
at the same time, resulting in a single anesthetic event,
hospitalization, and rehabilitation period.1,2
There is a paucity of literature evaluating the role of
single-event multilevel surgery in adult patients without
CP, and it is common for orthopaedic patients to have
multiple, concurrent upper-extremity pathologies
within the same limb.3,4 Walker-Bone et al3 reported
that patients with shoulder pathology (eg, rotator cuff
tendinitis, bicipital tendinitis, subacromial bursitis,
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and acromioclavicular joint dysfunction) were often
found to have coexisting pathologies, including lateral
epicondylitis, medial epicondylitis, De Quervain’s
tenosynovitis, and carpal tunnel syndrome. At times,
these coexisting pathologies can be exacerbated if not
addressed during the initial surgery. For example, a
72-year-old man presented to our clinic 6 weeks after
undergoing a right-rotator cuff repair. He had signs
and symptoms of acute exacerbation of chronic carpal
tunnel syndrome that ultimately required a second
surgery for its resolution. This is consistent with findings
from Harada et al,5 who examined complications of
the fingers and hands after 41 arthroscopic rotator
cuff repairs. The authors reported that twelve (29%)
of the patients reported hand and finger symptoms
after arthroscopic rotator cuff repairs, including pain,
numbness, edema, and joint stiffness.5 Of the 12 patients,
flexor tenosynovitis was diagnosed in 10 patients,
carpal tunnel syndrome in 3 patients, and cubital tunnel
syndrome in 2 patients.5
Our experiences with exacerbations of coexisting
patholgies in the same extremity after arthroscopic
shoulder surgery prompted us to 1) evaluate for
coexisting conditions in all patients before surgery,
and 2) perform single-event multilevel surgery in
appropriate patients when multiple pathologies of the
same limb are identified.
We present a case report of one patient and case
series of two additional patients who underwent singleevent multilevel surgery.

CASE REPORT
A 63-year-old man presented to our institution with pain
in his left anterolateral shoulder, radiating posteriorly
for several months. No traumatic injury was reported;
however, the patient, an electrician by trade, stated
that the pain was aggravated by overhead motion.
His physical examination findings were concerning for
subacromial impingement syndrome. An x-ray of the left
shoulder was unremarkable except for mild arthritis of
the acromioclavicular joint.

Table 1. Upper Extremity Single-Event Multilevel Surgeries Performed in 2018*
Gender/Age

SEMLS Performed

Complications

Male, 63

Left shoulder distal clavicle excision, Left shoulder subacromial
decompression and acromioplasty, Left shoulder arthroscopic-assisted
subpectoral bicep tenodesis, Left open debridement of extensor carpi
radialis brevis, Left index trigger finger release

None

Male, 74

Right arthroscopic rotator cuff repair, Right subacromial decompression
and acromioplasty, Right arthroscopic-assisted subpectoral bicep
tenodesis, Right open carpal tunnel release, PRP supplementation to
rotator cuff

None

Female, 51

Right open debridement of extensor carpi radialis brevis and common
extensor origin, Right open release of the carpal tunnel

None

PRP, Platelet Rich Plasma
*The above surgeries were performed as expected, without any delays in healing, complications, or need for further physical therapy

The patient was treated conservatively with a home
exercise program and a corticosteroid injection into
the subacromial space. The patient returned to the
clinic approximately 4 weeks later with less shoulder
pain; however, he now reported pain and catching
of his left index finger and left lateral elbow pain. He
was treated conservatively for lateral epicondylitis
with a corticosteroid injection, counterforce brace,
and physical therapy. He was also diagnosed with
index trigger finger and treated with a corticosteroid
injection. He returned to the clinic 4 weeks later
with recurrent waxing and waning left shoulder pain,
persistent lateral epicondylitis, and trigger finger. Three
months later, a platelet rich plasma (PRP) injection was
administered at the point of maximal tenderness of
the lateral epicondyle and in the extensor carpi radialis
brevis tendon under ultrasound guidance. Although the
PRP provided some relief, the patient continued to have
residual lateral pain in the elbow, adjacent to the lateral
epicondyle.
Ultimately, magnetic resonance imaging (MRI) of the
left elbow and left shoulder were ordered owing to pain
refractory to corticosteroid injection, PRP, nonsteroidal
anti-inflammatory drugs, rest, counterforce bracing,
physical therapy, and home exercise program. The MRI
of his left elbow confirmed a partial tear of the common
extensor tendon origin. The MRI of his left shoulder
showed bicep tendinitis, a superior labral tear, and
acromioclavicular joint degenerative joint disease.
A couple of weeks after the MRI of the left shoulder
(6.5 months after initial presentation), the patient
returned to the clinic with concerns of an acute
exacerbation of his left shoulder pain while lifting, in
which he sustained a traction type injury and felt a
tearing sensation. He also reported that his left elbow
and left index finger continued to cause pain. Based on
worsening symptoms despite extensive conservative
treatment, the patient was consented for arthroscopic
subacromial decompression of the left shoulder,

distal clavicle excision, bicep tenodesis, left elbow
debridement of extensor carpi radialis brevis origin, and
left index trigger finger release.
A month and a half later (8 months after initial
presentation) the surgeries were performed as a singleevent multilevel surgery without complications. The
patient was given a standard physical therapy protocol,
with restrictions limiting active range of motion of
the elbow until 4 weeks postoperatively and limiting
strength training until 3 months postoperatively.
At his 6-week follow up, the patient had minimal
shoulder pain. He showed 170° of forward flexion and
60° of external and internal rotation to the level of the
thoracic spine, comparable to the contralateral side. He
also showed full range of motion at the left elbow and left
index finger without any pain or tenderness to palpation.
At 3 months postoperatively, the patient continued to
show promising results. He was cleared to transition to
strength training and released to follow-up as needed.

DISCUSSION
Multilevel surgery has been used successfully in
pediatric patients with CP for more than 30 years;
however, its role in other patient populations has
remained largely unexplored. Based on our experience
and supporting literature, surgical correction of
one joint can result in exacerbations of orthopaedic
conditions of the same extremity.5 Although the
pathology underlying this relationship is not well
understood, possible explanations include proximal
nerve irritation, joint swelling, joint immobility, and
activation of inflammatory mediators after surgery.
This case showed that a single-event multilevel
surgery is an effective strategy for managing coexisting
musculoskeletal pathologies of the upper extremity in
a suitable patient. We performed two additional singleevent multilevel surgeries, which also showed successful
healing without complications (Table 1). In appropriate
patients, the benefits of single-event multilevel surgery

CASE REPORTS • WJO VOL. 9 • 2020

177

are quite pronounced, including convenience for the
patient, less potential complications owing to a single
anesthetic and hospitalization event, less overall healing
time as patients are healing concomitantly, and cost
savings. A recently published study6 examined 302
California hospitals for the cost of care in the operating
room, in which they found the average cost per minute
to be approximately $37. There is an opportunity for
substantial cost savings by combining several surgeries
into one.
A possible disadvantage of single-event multilevel
surgery is increased pain with recovery because of
the involvement of multiple joints. This case report
emphasizes 1) the benefit of appropriately interviewing
and examining patients for coexisting pathologies
prior to surgery, and 2) the importance of selecting
appropriate patients for single-event multilevel surgery.
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Scott Schemmel (IA)
Joseph Serota (CO)
Swati Shirali (VA)
Victoria Silas (WA)
Richard Sleeper
Duret Smith (OH)
Osama Suliman (FL)
Scott Swanson (CO)
Steven Taylor (WI)
Ronald Tegtmeier (KS)
Kenneth Teter (KS)
Norfleet Thompson (TN)
Erik Torkelson*
James Trusell (AR)
Gregory Voit*
Catherine Walsh (CA)
Howard Weinberg
InSok Yi (CO)
Robert Yoo (MA)
Steven Young (IL)
Elmer Yu
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2005
1987
1983
1999
1996
1988
1982
1985
2010
2006
1976
1993
2015
1984
1973
1996
2011
1978
1998
1977
2001
1979
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Sports Medicine Fellows
Roy Abraham (IA)
Tamas Bardos (HUNGARY)
Brandee Black (HI)
Todd Bradshaw (TX)
Blake Clifton (CO)
Lindsey Dietrich (TX)
Matthew Ferguson (TX)
David Hankins (SC)
John Jasko (WV)
Ray Jenson (SD)
David Johannesmeyer (sc)
Adam Johnson (NM)
A. John Kiburz (NM)
Lucas Korcek (or)
John Mann (AL)
Toribio Natividad (TX)
Blake Obrock (TX)
Andrew Ockuly (MN)
Ben Olson (OR)
Ralph Passerelli (PA)
James Rose (CO)
Brad Sparks (AK)
Brad Veazey (TX)
Kavita Vakharia (PA)
Jonathan Wyatt (AR)

2006
2015
2016
2014
2015
2014
2013
2019
2010
2016
2018
2012
2009
2018
2010
2011
2017
2019
2002
2007
2017
2008
2007
2018
2012

Trauma Fellows
Stephen Becher (GA)
Shahram Bozorgnia (GA)
Max de Carvalho (KS)
Seth Criner (CA)
Fabio Figueiredo (CA)
Shehada Homedan (VA)
Matt Lilly (OR)
Victoria Matt (NM)
Gary Molk (AK)
Urvij Modhia (NM)
Brianna Patti (AZ)
Leroy Rise (NM)
Scott Sandlands (FL)
Ahmed Thabet (TX)
Zhiqing Xing (AL)

2014
2008
2011
2016
2007
2006
2017
2005
2010
2013
2018
2012
2019
2015
2009

Residents
Alexander Aboka (VA)
Christopher Achterman (OR)
Brook Adams (TX)
Zachary Adler (WA)
Amit Agarwala (CO)
Owen Ala (AK)
Lex Allen (UT)
Alan Alyea (WA)
Frederick Balduini (NJ)
Christopher Bankhead (VA)
Adam Barmada (OR)
Jan Bear (NM)
Jeremy Becker (NM)
Kambiz Behzadi (CA)
Robert Benson (NM)
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2011
1977
2011
2007
2002
2013
2002
1986
1981
2019
2001
1991
1997
1994
1973

2007
Eric Benson (NM)
2008
Ryan Bergeson (TX)
1986
Thomas Bernasek (FL)
2011
C. Brian Blackwood (CO)
2001
David Bloome (TX)
2013
Dustin Briggs (CA)
2016
Luke Bulthuis (NM)
1980
William Burner (VA)
1980
Dwight Burney (NM)
1987
Dudley Burwell (MS)
1973
Dale Butler (CA)
1973
Everett Campbell (TX)
1997
Bourck Cashmore (AZ)
1988
Richard Castillo (NM)
2011
Zachary Child (NV)
1985
Joel Cleary (ID)
1992
Mitchell Cohen (CA)
1992
Harry Cole (WI)
1988
Matthew Conklin (AZ)
2009
Clayton Conrad (NM)
1988
Geoffrey Cook (AZ)
2005
David Cortesi (CA)
1994
Mark Crawford (NM)
2013
Aaron Dickens (NV)
2019
Andy Dollahite (MS)
1993
Grant Dona (LA)
1992
Daniel Downey (MT)
2017
Michael Decker (NM)
2010
Shakeel Durrani (NC)
1996
Paul Dvirnak (CO)
1978
Paul Echols (NM)
Daniel Eglinton*
1983
2015
Scott Evans (VA)
1978
James Fahey (NM)
1995
James Ferries (WY)
1990
Thomas Ferro (CA)
2016
Judd Fitzgerald (OR)
2010
Jennifer FitzPatrick (CO)
2003
John Franco (NM)
1974
John Foster (NM)
2018
Erika Garbrecht (FL)
1977
Orlando Garza (TX)
Katherine Gavin (NM)
2017
Keith Gill (TX)
2017
2019
Patrick Gilligan (WV)
2012
Jan Gilmore (NM)
2014
Jenna Godrey (OR)
1980
Robert Goodman (CO)
1989
Stan Griffiths (ID)
2004
Speight Grimes (TX)
Christopher Hanosh (NM) 2001
1997
Gregg Hartman (CA)
Robert Hayes*
1975
1996
William Hayes (TX)
1990
David Heetderks (MT)
1991
Thomas Helpenstell (WA)
1982
Fredrick Hensal (AL)
2012
Bryon Hobby (MT)
2013
Daniel Hoopes (UT)
2016
Mischa Hopson (TX)
2005
David Huberty (OR)
1977
Sergio Ilic (CA)
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Kayvon Izadi (NE)
2008
1989
Felix Jabczenski (AZ)
2014
Taylor Jobe (TX)
2019
Paul Johnson (WI)
1981
Robert Johnson (ND)
1978
Orie Kaltenbaugh (ID)
1977
Daniel Kane (IL)
2007
David Khoury (WY)
1984
Roger Klein (CA)
1988
Dennis Kloberdanz (NM)
1985
Ken Korthauer (TX)
1983
John Kosty (TX)
2016
Reilly Kuehn (CA)
2015
Sean Kuehn (UT)
2010
Letitia Lansing (WA)
2006
Loren Larson (WA)
1993
Earl Latimer (NM)
1995
Robert Lee (ID)
2006
Corey Lieber (CA)
1995
Peter Looby (SD)
Joel Lubin*
2001
1983
Norman Marcus (VA)
2005
Charley Marshall (UT)
1984
Roberto Martinez (FL)
2002
Victoria Matt (NM)
2000
Timothy McAdams (CA)
1984
Victoria McClellan (OR)
2014
Seth McCord (NM)
Thomas McEnnerney (NM) 1984
2008
Kevin McGee (NM)
Laurel McGinty*
1991
1995
Michael McGuire (NE)
1998
Matthew McKinley (NM)
2016
Heather Menzer (AZ)
2008
Deana Mercer (NM)
1990
Richard Miller (NM)
2003
Brent Milner (WY)
1982
Frank Minor (CA)
Rosalyn Montgomery (OR) 1991
2008
Kris Moore (OR)
2014
Nathan Morrell (NM)
1998
Ali Motamedi (TX)
2018
Brett Mulawka (WA)
1969
David Munger (AZ)
1981
Fred Naraghi (CA)
1998
Joseph Newcomer (IL)
Drew Newhoff (NM)
2017
Lockwood Ochsner (LA)
1986
2014
Charlotte Orr (IN)
2004
Andrew Paterson (NM)
L. Johnsonn Patman (NM) 2012
1977
William Paton (AK)
2002
Matt Patton (NM)
2018
Tony Pedri (WY)
2005
Chris Peer (MO)
1976
Eugene Pflum (CO)
1985
Dennis Phelps (CO)
2004
Gregg Pike (MT)
Brielle Plost (LA)
2018
2017
Ian Power (NM)
1977
Mario Porras (NV)
2009
Julia Pring (PA)

2000
Jeffrey Racca (NM)
2009
Shannah Redmon (AZ)
1994
Stephen Renwick (OR)
1983
Jose Reyna (TX)
2002
Allison Richards (NM)
2015
Dustin Richter (NM)
1998
Brian Robinson (NM)
1984
Peter Rork (WY)
1967
Kenneth Roth (CA)
1974
Michael Rothman (NM)
2012
David Rust (MN)
1990
Peter Schaab (AK)
2003
Ted Schwarting (AK)
2006
Jonathan Shafer (WA)
Sanagaram Shantharam (CA) 1992
1995
Paul Shonnard (NV)
2010
Selina Silva (NM)
1976
Robert Simpson (NY)
1993
James Slauterbeck (VT)
1974
Christopher Smith (WY)
2000
Dean Smith (TX)
2007
Jason Smith (LA)
1987
Robert Sotta (OR)
1980
Richard Southwell (WY)
2012
Daniel Stewart (TX)
2015
Greg Strohmeyer (AK)
1995
Christopher Summa (CA)
2018
Alexander Telis (WA)
1993
Kenneth Teter (KS)
Eric Thomas*
2004
2006
Gehron Treme (NM)
Krishna Tripuraneni (NM) 2009
1989
Randall Troop (TX)
1972
William Tully (CA)
Cathleen VanBuskirk (CO) 1999
1999
Tedman Vance (GA)
2003
Andrew Veitch (NM)
John Veitch*
1978
Edward Venn-Watson (CA) 1975
1987
Eric Verploeg (CO)
1994
Joseph Verska (ID)
1977
David Webb (TX)
1979
Richard White (NM)
2011
John Wiemann (CA)
2000
Michael Willis (MT)
1982
Bruce Witmer (CA)
2019
Jay Wojcik (FL)
2015
Heather Woodin (AZ)
2009
Jeffrey Yaste (NC)
*Deceased

